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PROCEEDINGS 



January 24, 1865. 

The Eighth Annual General Meeting of the Members was held 
at the house of the Institution, Newhall Street, Birmingham, on Wed- 
nesday, 24th January, 1855 ; William Fairbairn, Esq., President, in 
the Chair. 

The Minutes of the last General Meeting were read by the Secretary 
and confirmed. 

The Secretary then read the following 

ANNUAL REPORT OF THE COUNCIL. 
1865. 

The Council have the pleasure, on the occasion of the Eighth 
Anniversary of the Institution, of reporting to the Members the 
satisfactory position and successful progress of the Institution. 

The Financial statement of the aflfairs of tlie Institution for the 
year ending 31st December, 1854, shows a balance in the Treasurer's 
hands of £266 Is., after the payment of all accounts due to 
that date. The Finance Committee have examined and checked all 
the receipts and payments of the Institution for the last year, 1854, 
and report that the following Balance Sheet rendered by the 
Treasurer is correct. 

(See Balance Sheet appended.) 

The number of Members of all classes for the last year is 228 , 
of whom 16 are Honorary Members, and 3 are Graduates. 

The Council have to report the decease of the following Members 
of the Institution during the past year. 
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William Denny, . . of Dumbarton. 
Charles Gbach, . . . London. 
John Gray, .... Bradford. 
Jonathan Habi^ow, . . Birmingham. 
Charles Rontgen, . . London. 
WiLfjAM Smith, . . . Dudley. 

The Council have the pleasure of acknowledging the following 

Donations to the Library of the Institution during the past year: — 

Memoirs of the Literary and Philosophical Institution of 

Manchester, from the commencement in 1781, presented 

by W. Fairbaim, Esq. 
Transactions of the Royal Scottish Society of Arts, from 1834» 

by the Council. 
Transactions of the Liverpool Polytechnic Society. 
Abstract of Proceedings of the Institution of Civil Engineers. 
Journal of the Society of Arts. 
On the Construction of Fish- Joints for Railways, by A. Mal- 

berg, from the Author. 
Experiments upon the Strength of Rails by the Prussian 

Government in 1851, from M. Malberg. 
Results of Trials of Locomotives by the Prussian Govern- 
ment in 1853, from M. Malberg. 
On the Combustion of Coal and Prevention of Smoke, by 

C. Wye Williams, from the Author. 
On the Iron-making Resources of the United Kingdom, by 

S. H. Blackwell, from the Author. 
Artizan Journal, from the Editor. 

Civil Engineer and Architect's Journal, from the Editor. 
London Journal of Arts, from the Editor. 
Mechanic's Magazine, from the Editor. 
Special Report on the Machinery in the New York Industrial 

Exhibition, by Mr. Joseph Whitworth, from the Author. 
Report of the British Commissioners in the New York 

Industrial Exhibition, from Mr. Joseph Whitworth. 
Donation of £5 for purchase of Books, from Mr. W. Hawkes. 
Portrait of J. F. Ledsam, Esq., presented by Mr. J. E. Clift 
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Original Working Model of New Water Meter, by Mr. C. W. 

Siemens, of London. 
Specimen of New Water Meter, by Mr. John Taylor, of 

Manchester. 

The Council have much satisfaction in referring to the valuable 
character of the papers that have been brought before the Institution 
during the past year, and expressing their thanks to the Authors 
of the papers for the practical information communicated by them. 
The Council wish to urge on the attention of the Members the 
importance of their aid in promoting the objects of the Institution, 
by contributing papers on engineering subjects that have come 
under their observation, and commimicating the particulars of 
executed works, with the results of their practical working, that may 
be serviceable and interesting to the Members. The Council invite 
communications from the Members and their friends, upon the 
subjects in the list appended, and other subjects advantageous to 
the Institution ; and also contributions to the Library, and to the 
collection of Mechanical Models and Drawings. 

The following Papers have been read at the Meetings during the 
last year : — 

On an Improved Water Meter; by Mr. C. W. Siemens, of 
London. 

On an Improved Locomotive Engine ; by Mr. Joseph Beattie, of 
London. 

On Berdan's Crushing and ^Amalgamating Machine ; by the 
Secretary. 

On a New Kail way Train Signal ; by Mr. Edward J. Payne, of 
Birmingham. 

On a Safety Apparatus for Working Mine Shafts ; by Mr. 
Archibald Slate, of Dudley. 

On an Improved Construction of Moulds for Casting Metals ; by 
Mr. Robert Jobson, of Dudley. 

On an Improved Piston for Steam Engines; by Mr. John 
Ramsbottom, of Manchester. 
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On an Improved Water Filter; by Mr. Archibald Slate, of 
Dudley. 

Description of the Wrought-Iron Hoof over the Central Railway 
Station at Birmingham ; by Mr. Edward A. Cowper, of London. 

On Kind's Improved System of Boring; by Mr. Samuel H. 
Blackwell, of Dudley. 

Description of an Improved Steam Travelling Crane ; by Mr. 
William Fairbaim, of Manchester. 

On a New Steam Engine Boiler ; by Mr. Thomas Forsyth, of 
Wolverton. 

On Prideaux's Self-Closing Valve for Preventing Smoke in Steam 
Boiler and other Furnaces ; by Mr. John E. Hodgkin, of Bir- 
mingham. 

Description of an Improved Locomotive Piston ; by Mr. James 
E. McConnell, of Wolverton. 

On an Improved Steam Engine Boiler ; by Henry Wright, of 
Saltley. 

Description of a Friction Hammer ; by Mr. James Kitson, of 
Leeds. 

It is with feelings of deep regret that the Council have to refer 
to the decease of the respected Treasurer of the Institution, the late 
Mr. Charles Geach, who had filled that office from the commence- 
ment of the Institution ; since his decease, Mr. Henry Edmunds, 
Manager of the Birmingham and Midland Bank, has kindly consented 
to carry on the duties of the office, jpro. tern., until the present Annual 
Meeting, when a Treasurer has tcT be elected. 

The Officers of the Institution, and five of the Members of the 
Council in rotation, will go out of office this day, according to the 
Rules of the Institution ; and the ballot will be taken at the present 
Annual Meeting for the election of the Officers and Council for the 
ensuing year. 



The Chairman moved that the report now read be received and 
adopted. 
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The motion was seconded by Mr. Evejritt, and passed. 

Mr. FoTHERGiLL then moved that the following Kule of the Institu- 
tion be expunged: — Section VII., Rule 1. ** Every member shall lay 
one communication, at least, before the Institution, in each year, tending 
to advance professional knowledge ; or shall pay a fine of £1 towards 
the library funds." He stated that the rule had never been acted upon, 
and suggested that it would be preferable to remove it from the Rules 
of the Institution. 

The motion was seconded by Mr. Clift, and passed. 

The Chairman announced that the Ballot Papers had been opened 
by the Committee appointed for the purpose, and the following OflBcers 
and Members of Council were duly elected for the ensuing year : — 



president. 
William Fairbairn, . . 



Manchester. 



Vice-Presidents. 
Samuel H. Blackwell, . . Dudley. 



James E. McConnell, 


. . Wolverton. 


John Penn, .... 


. . London. 


Archibald Slate, . . 


. . Dudley. 


John Scott Russell, . 


. . London. 


Joseph Whitworth, 


. . Manchester. 


council. 




John Henderson, . . 


. . Birmingham. 


Matthew Kirtlet, . . 


. . Derby. 


James Kitson, . . . 


. . Leeds. 


Henry Maudslay, . . 


. . London. 


John Ramsbottom, . . 


. . Manchester. 


Henry Wright, . . . 


. . Birmingham 


SECRETAR 


Y. 


William P. Marshall, 


. . Birmingham. 



The following New Members were also elected : — 



ANNTJAX EBPORT. 
MEMBSBS. 

John Howard Blackwell, Smethwi<^. 

William Beckett Johnson, . Manchester. 
Charles Clement Walker, . Tipton. 



Mr. Sampson Lloyd moved that Mr. Henry Edmunds, of the 
Birmingham and Midland Bank, be appointed the Treasurer of the 
Institution. 

The motion was seconded by Mr. Thornton, and passed. 

The Chairman said he wished to express his thanks to the members 
for the honour he had received of being again elected President of the 
Institution. It was a great pleasure to him to assist by all means in 
his power in the advancement and benefit of the Institution, and his 
best exertions should be always devoted to carrying out that objectj and 
he felt confident of its successful progress under the active and cordial 
support of the Officers and Council. 

He felt a great interest in the Institution, and he considered it an 
honour to occupy his present position in an Institution so eminently 
useful and practical in character, which had made such important pro- 
gress, and which had had two such distinguished men preceding him in 
his present office — their greatly respected first President, whose memory 
all revered, and whose genius and indomitable perseverance had realised 
for mankind the incalculable benefits of railway communication — and 
his son, their last President, who had done so much to advance the 
engineering works of the world. 

To the mechanical engineers of this and other countries they were 
indebted for many advantages and comforts of which their forefathers 
were deprived ; and the labours and discoveries of Watt and Arkwright 
and many others showed what had been effected in all the requirements 
of mechanical science, and the advantages and benefits that may be 
reasonably anticipated in the further development of an art which was 
far from being exhausted, and in so many directions offered a wide field 
for the exercise of the talents and energies of the active student. These 
considerations were important stimulants for exertion, well deserving 
tjj^e attention of all members of the Institution. 
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The Cbainnan congratulated the members on the very prosperous 
and cheering position of the Institution, and observed it was very grati- 
fying to see so successful and continued a progress ; and from its growing 
prosperity and usefulness, he looked forward with the most sanguine 
expectations to a considerable increase of members and an extended 
sphere of action in every department and object contemplated by the 
Institution. 

In the collection of a Library, a nucleus had been formed, from 
which he trusted would spring a valuable and extensive library for refer 
ence and consultation; such an Institution should possess a good 
library, and he trusted all the Members, and those interested in the 
advancement of the Institution, would bear in mind that donations of 
books would be thankfully received by the Council. In addition to the 
library, he looked forward to the prospect of forming a collection of 
models and drawings of mechanical contrivances; and he hoped the 
younger members would take the opportunity of adding to the stock of 
the Institution by presenting models and mechanical drawings that 
they might be able to prepare. From such contributions there would 
be formed in time a museum and record of inventions that would prove 
highly useful to the members, and generally beneficial as a public record. 

The Chairman observed that in the papers read before the Institu- 
tion, there had been a great number of valuable and useful subjects 
brought forward ; and an important advantage arose from the opportunity 
for discussion, and the extent of practical information elicited at the 
meetings. The character and interests of the Institution had been 
well supported* by the papers read, and he was confident the facilities 
afforded for bringing forward the subjects of papers would elicit from 
the Members a continued series of valuable communications, calculated 
to increase the efficiency, and advance the prosperity of the Institution. 



The following Paper, by Mr. Robert Morrison, of Newcastle-on- 
Tyne, was then read : — 



8 STBAM HAMMER. 

DESCRIPTION OF AN IMPROVED STEAM HAMMER. 

The object of the Authot in the invention of this Hammer has been 
to prevent the great wear and tear and liability to derangement, which 
have been experienced in the ordinary steam hammers, and which form 
a serious drawback to the use of this powerful and valuable tool. 

In the ordinary Nasmyth's hammer, the hammer-head is attached 
to the lower end of the steam piston-rod, (as in the Diagram, Fig. 1, 
Plate 1 ,) and is guided in falling by sliding between the side cheeks 
of the frame, which have a shallow projecting rib entering a groove 
in each side of tiie hammer-head. 

The nature of the working requires in practice a considerable amount 
of play to be left between the guiding cheeks and the hammer sides, to 
allow sufl&cient freedom for the hammer-head in falling, and this causes 
a violent shake and jar at each blow of the hammer. The blow being 
rarely in the centre of its face, causes part of the force to be spent in a 
side blow of the hammer against one of the guiding cheeks, and the 
continued repetition of these side blows indents and wears away rapidly 
the rubbing-faces of the guides and hammer, increasing the side play 
and the extent of injurious action. A serious jar is also felt by the 
piston at the other end of the rod at each blow of the hammer, which 
causes so rapid a failing of the packing as to make the frequent necessity 
(sometimes weekly) of repacking the piston, a very serious inconvenience 
and expense. Also, this often breaks the piston-rod close to the piston , 
or at its juncture with the hammer block, and frequently breaks the 
cylinder cover at the same time. 

Trials have been made in consequence of more imperfect kinds of 
packing which were less subject to wear, and even of solid pistons 
without packing, but the waste of steam of high pressure consequent on 
such expedients makes it very important to remove the necessity for them 
if possible. 

In another form of steam hammer, Condie's, (shown in the Diagram, 
Fig. 2), the arrangement of the cylinder and piston is reversed, with 
the view of diminishing the above injurious action. 

The cylinder rises and falls with the hammer, which is attached 
to the lower end of it, and it is guided by rubbing against the side 
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cheeks of the frame at top and bottom ; the piston and piston-rod are 
£u^ed to the top of the frame, and the steam is admitted through the 
piston-rod, which is tubular, and lifts the cylinder by pressing against 
the top cover. In this arrangement of hammer the jar of the blow is 
not communicated to the piston, as in the other case, but the rubbing 
surfaces of the hammer-guides are exposed to a similar injuriaus action. 
The hammer is also liable to break the cylinder. 

In the Improved Hammer, the subject of the present paper, (shown 
in Fig. 3,) the cylinder remains fixed, and the piston-rod itself is made 
to form the hammer, being enlarged in diameter and prolonged through 
the top of the steam cylinder, where the upper end is steadied by sliding 
between guides. By this arrangement the hammer is guided by two large 
stuffing-boxes at the top and bottom of the cylinder, and it works with 
great steadiness and freedom from friction, as the rubbing surface is a 
turned cylindrical piston-rod fitting closely in the stuffing-boxes, instead 
of the ordinary hammer-block sliding loosely between the cheeks of the 
frame. ^ 

This Hunmer is shown in Figs. 4 and 5, Plates 2 and 3, which re- 
present a 40 cwt. hammer on this construction, having a clear fall 
of 3 ft. 6 in., which the Author has had at work for the last five 
months, at the Ousebum Engine Works, Newcastle-on-Tyne, working 
day and night, double shift. During this time there has not been half 
an hour lost by any derangement of the hammer ; the packing is as 
tight and good as when put on, so that the cover has not been taken off 
the cylinder since the hammer started. The large stuffing-box is also 
packed with hemp, and has not been unpacked for the last nine weeks, 
and no enlargement is perceptible in the gland. 

The hammer has been tried with 35, 40, and 50 lbs. pressure of 
steam, but has been found to work best at 40 lbs. per square inch ; it 
is found after the first heat that no condensation takes place in the 
cylinder, in consequence of the bar getting hot, and any water that 
may accumulate when not working, is collected m the bottom flange of 
the large gland, and carried away by a tube. 

Fig. 4 shows a back elevation of the hammer, and Fig. 5 a vertical 
section from front to back. 
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The main frame consists of two vertical standards AA, spread out 
at the foot and bolted down upon the foundation plate, through which 
the anvil-block B, is fixed; these frame standards have deep ribs 
carried backwards (as shown in the sectional plans, Figs. 0, 7, 8), and 
they are firmly bound together at the top by the transverse stay C, 
cottered into eyes in the standards. 

The steam cylinder DD, 19 inches diameter, is cast with flanges 
EE, on each side, shown in Fig. 8, extending the whole length, and 
bolted in front of the standards, filling the lower part of the space 
between them, flush with the underside of the arch, and fitting in tight 
between lugs, so as to form a strong and solid bond between the two 
standards. The flanges EE, of the cylinder are flush with the back, 
so that the whole body of the cylinder projects forward in front of the 
frame. The top cover F, of the cylinder, and its stuffing-box, shown in 
plan in Fig. 7, are made in two halves ; the deep bottom stuffing-box 
is solid, and cast with the cylinder, forming the end cover. 

The hammer-bar and piston-rod GG, is of wrought-iron, 10 inches 
diameter, with the piston H, forged solid upon it in the middle of its 
length, a groove being turned upon the circumference of the piston to 
receive a single brass packing-ring, J inch thick, packed behind with 
hemp. The upper cross-head I, is also forged in one piece with the bar, 
and its two sides are planed down to act as steadying guides, as shown 
in the plan. Fig. 6, by sliding in the two parallel vertical slots in the 
upper part of the frame, which are formed by two pairs of bars KK, bolted 
upon the faces of the main standards. The piston-rod is thus guided 
very perfectly and steadily throughout its stroke. 

In putting the piston-rod into its place, its lower end is passed down 
into the cylinder from above, and through the bottom stuffing-box until 
the piston enters the cylinder. The upper divided cover F, is then put 
on the cylinder above the piston, and the two halves are bolted together, 
and then bolted down upon the cylinder in the usual manner, and the 
upper and lower stuffing-boxes are packed and screwed up steam-tight. 
The hammer-face L, is then cottered on to the lower end of the piston- 
rod, projecting beyond the bottom stuffing-box. 

The valve gearing consists, as usual, of self-acting arrangements for 
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opening and shutting the steam-valve at the hottom and top of the 
stroke respectively, with means for varying the length of stroke of the 
hammer as may be required. 

The slide valve M, is placed behind the steam cylinder, with a single 
port into the lower end of the cylinder, communicating with the steam- 
pipe N, and the eduction-pipe ; and the valve is worked from above 
by the lever Q, which is acted upon by a spring below, arranged to open 
the valve on the lever being released. The valve lever Q, is jointed to 
a vertical rod working in eyes attached to the framing, and consisting 
of two parts, R, S. The upper part R, is formed with a screw-thread, 
and is entered into an internal screw in the lower portion S, which is 
tubular, means being thus provided for elongating or shortening the 
rod according to the stroke. The valve is worked through the rod R S, 
by means of the arm T, which is struck by the ascending slide I, of 
the hammer-bar. The arm T, is fixed on a short horizontal spindle, 
carrying a short lever, the point of which is attached by two links to the 
rod R, so that when the arm is pushed outwards by the ascending ham- 
mer-bar, it causes the rod R S to descend and close the steam-valve. 
The length of the hammer's stroke depends upon the position of the 
arm T, and for the purpose of varying this, the spindle is carried in a 
bush, which slides in a vertical rod U, the lower end of which is screwed, 
and is passed thrpugh a nut in the centre of a small worm-wheel, 
retained in a fixed collar bearing, and actuated by a worm on the spindle 
V, which last is provided with a hand-wheel. The same spindle V has 
formed upon it another worm gearing into a small worm-wheel, which 
is formed with a central eye, for the passage through it of the tubular 
rod S. The worm-wheel turns this rod, so as to screw the top rod R 
in or out, by means of a groove and feather, thus not impeding its 
vertical movements. By turning the hand-wheel, the spindle and arm 
are raised or lowered, and at the same time the rod R S is elongated or 
shortened in an equal degree, so as always to maintain the same position 
relative to the arm T, and in order that this may have the same action 
upon the valve-lever in whatever position it may be vertically. 

When the steam-valve is shut in the manner described, it is kept so 
until the descent of the hammer-bar by means of a catch Z, acting on a 
collar formed on the tubular piece S. This catch is thrown out by the 
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percussion of the hammer's blow, at whatev^taur point the blow may take 
effect, according to the thickness of the wdonjrk upon the anvil. The 
means by which this is effected, consisitants of « ha.^ W, jointed 
to upper and lower crank levers, vibratintl pl^ on pins projecting from 
the framing. The other ends of these le>y Wers are jointed to a ver- 
tical rod X, passing down to a short lever fix; ed on the spindle, which 
carries the catch Z, before referred to. T\r, he cross-head I, of the 
hammer-bar carries a small weighted kicker \\h€^ which strikes against 
the bar W, on the descent of the hammer-bar, beiirvr^? caused to do so by 
the momentum of the fall and shock of the bbw. This action depresses 
the rod X, and putting the catch Z off the collar of the rod S, allows 
the spring to raise the latter, and at the same time open the steam- 
valve 80 as to lift up the hammer for a fresh stroke. 

The valve-lever Q, has a handle formed upon it, in order that it 
may be worked by hand. 

With the working piston, piston-rod and hammer, in one solid piece, 
the liability to fracture and derangement of the details is very much 
diminished, whilst the hammering blows are of superior solidity and 
effect; and the bolting of the steam cylinder between the frame 
standards, at the junction of the arch, immediately above the anvil or 
working level, provides a most powerful stay for tying the frames well 
together, and preventing all lateral springing. Hence the hammer- 
face is most accurately directed down upon its work, and shoulders, 
collars, and other projections can be hammered down with certainty to 
their intended size and form, by means of the side of the hammer. 
The height of the arch in this hammer is of importance, as it allows 
any article that can be forged under it, to be turned round without 
removing it from off the anvil ; whereas the guides in the other hammers 
have to be carried so near the anvil, that in forging a crank-axle, or any 
other large substance, it has to be drawn back from off the anvil by the 
crane to turn it round ; and as this has to be often done, a great deal 
of time and heat is lost. . 

The position of the steam cylinder in front of the standards is also 
of great importance in this arrangement, as when the ^hammer is 
actually between the frame-pieces, the mass of material under the 
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bammea: must be angled before it can be swaged, and if it cannot be 
angled, the operating workman must necessarily stand between the 
frame-pieces ; but in the present place, the hammer is quite clear of 
the framing, so that the forgeman can swage, shape, or cut any work he 
may have under the hammer, without the necessity of standing at all 
beneath the framing arch. 



The Chairman thought the hammer was well worth consideration ; 
it appeared an improvement of importance in overcoming the practical 
difficulties that had been experienced in the use of the steam hammer, 
arising from breakage and wear ; the jarring and concussion had been 
found very objectionable, and though the strength of the piston-rod was 
increased with a view to meet the difficulty, it was still found to break. 
Mr. Morrison's arrangement went still further, making the piston-rod 
so strong and heavy as to serve for the hammer itself, and it had an 
advantage in greater steadiness of action. 

Mr. Morrison remarked, that a very important practical advantage 
resulted from the steadiness and smoothness of the motion, in freedom 
from accidents and delays for repair and packing, instead of the 
frequent and often weekly stoppages ordinarily occurring from these 
causes. The hammer in use at his Works had been in constant work 
night and day during the five months since it was started (with the 
exception only of a week at Christmas). The original packing of the 
piston had remained in the whole time, and still continued steam-tight; 
it consisted of a single brass ring, about J inch thick, with J- inch thick- 
ness of hemp packing behind. The only breakage that had yet occurred 
took place in the original hammer-head, which broke on the first or 
second day of working, from a defect in the casting ; a new head was 
then put on, a very strong sound casting of Stirling's toughened iron, 
and this had remained on ever since ; if it had failed it was intended to 
have tried a wrought-iron head, but that was not found requisite ; nor 
had any other accident or repair occurred to the hammer. 

In the first make of the hammer the cylinder was placed central 
between the frame standards (as shown in Fig. 9, Plate 3), which allowed 
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of a rather simpler construction, as it was not then requisite to have 
separate guides fixed on in front for the top head ; but this make was 
subsequently abandoned, and the cylinder was fixed projecting in front 
of the frame, on account of the greater convenience afforded for the 
! men in working. 

The Chairman asked how the hammer-head was fixed on. 

Mr. Morrison explained that the head was bored out with a slight 
taper, and the rod keyed in like an ordinary piston-rod; all the working 
parts being fitted well and solid. From the mode of construction of the 
hammer a great advantage was obtained in solidity of the blow and 
durability in wear. The friction of the large piston-rod in the two 
stuffing-boxes, it was feared at first, might be found too great, and might 
interfere with the efficiency of the blow of the Jiammer, by retarding 
its fall ; but no objection of this kind was experienced in practice ; the 
blows were as quick and effective as those of the ordinary steam hammer, 
and the creator steadiness and accuracy was found very serviceable in 
forging down collars and such kinds of work. 

Mr. Chellingworth inquired whether a condenser had ever been 
applied to the cylinder of a steam hammer, so as to have a vacuum 
above the piston in lifting, requiring less steam power. 

Mr. T. Forsyth said, that a vacuum hammer had been invented by 
Mr. Naylor, of Norwich, which had, he believed, been tried there at the 
Eastern Counties Railway Works, but he was not acquainted with the 
particulars of the trial, nor of the hammer. 

Mr. Fenton had seen Mr. Morrison's hammer at work, and was 
well satisfied with it; it worked very well, and he thought it a decided 
improvement. He had found that the Nasmyth's hammers, besides 
great wear of the guides and pistons, were liable to break off the cheek 
guides by the side shock of the hammer. He had experienced several 
cases where new frames had to be cast, on account of the guide-bars 
being broken off. In Condie's hammer separate guides were fitted on, 
which could be replaced when broken, independently of the frame ; but 
in Morrison's hammer, the guides for the hammer-head were dispensed 
with, and the injurious side shock was prevented. 

Mr. May had found great difficulty at first in working a Nasmyth s 
hammer, which he had used at Ipswich, from the frequent breakages. 
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^ more particularly of the piston-rod i but this was afterwards entirely 
removed by mounting the anvil upon india rubber springs. The anvil- 
block, weighing about 9 tons, was bedded upon 20 or 30 pieces of india- 
rubber (ordinary buffer rings, placed two together, one upon the other), 
the elasticity of which allowed the anvil to sink slightly under the blow, 

\ probably less than J inch, and prevented the injurious concussion of the 
hammer, but did not perceptibly interfere with the efficiency of the blow 
upon the work. 

Mr. Henderson had had two Nasmyth's hammers at work for a 
considerable time, and had not experienced so much difficulty in their 
working as had been mentioned ; but the inconvenience of the frequent 
stoppages caused by repacking the piston or repairing breakages was 
certainly so serious, that he thought if the new hammer of Mr. Morrison 
continued as' free from these defects as had been represented, it would 
have an important practical superiority. 

He had found that the difficulties in repairs were greater, in the 
first instance, because the first hammer fixed at London Works had the 
anvil fixed on concrete. The damage and repairs were lessened by 
making an alteration, and refixing the anvil-block on a deep foundation 
of timber (say to the extent of a cube of nine feet on each side), which 
provided sufficient elasticity, and prevented the shock from being so 
severe upon the hammer and machinery, without in any way interfering 
vdth the efficiency of working. A timber foundation of similar con- 
struction was applied afterwards, with the same advantage, to a second 
hammer. 

These two hammers are employed entirely for forging Lieut. Rogers* 
small-palmed anchors, and in consequence of the nature of the work, 
which is chiefly bevelled forging, there is certainly additional side strain 
and additional risk of breakage. On account of the nature of the work, 
the necessity of moving it round and getting at all sides of it, in putting 
up the second hammer the ordinary standards which had been found 
objectionable were omitted. The cylinder and hammer are carried by 
two wrought-iron girders, spanning the full width of the shop, which 
is about 35 feet in the clear. These girders are fixed about 7 feet clear 
height from the shop floor, and the cylinder and guides are fixed in 
the centre of the length, so that the ordinary standards are dispensed 
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with, and the space is left uninterrupted and free all round the ham- 
mer, an arrangement which affords great facility for this particular kind 
of work. 

Mr. Henry Maudslay observed, that Messrs. Maudslay, Sons, and 
Field had employed three Nasmyth's hammers for several years, and 
^ the principal difficulty they had experienced in working them was the 
breakage of the pistons, which had caused much trouble ; but they had 
since applied solid wrought-iron pistons, and the hammers now worked 
very satisfactorily ; he thought that if the piston and rod were forged 
in one, as suggested, the alteration would be found a great improvement. 

A simple and useful apparatus had been attached to these hammers 
by their foreman, Mr. John Ballard (formerly of H. M. Dockyard, Wool- 
wich), for the purpose of facilitating the changing of the mould or anvil- 
face, which deserved notice as very convenient, and a saving of time and 
labour. A hook was passed round the piston-rod and attached by a 
chain to the anvil-face, which was lifted out by making the hammer 
raise itself slowly by the steam, and any mould could be changed in 
the anvil-block in the same way by working the hammer ; to change 
the mould, when lifted from the anvil, it was hooked on to a long chain 
suspended from a pulley in the roof, and by the pendulous motion 
of the chain after disengaging it from the hammer, the mould was 
swung away to a distant part of the shop, out of the way of the men, 
and another one was brought in its place ; by this plan all the space 
round the hammer was kept clear for the work, and the moulds could 
be quickly changed when required. 

Mr. CowpER remarked, that in the arrangement of Morrison's 
hammer, a considerable advantage was due to the circumstance that the 
weight of the hammer was distributed over the great length of the 
piston-rod, instead of being concentrated in a short block at the lowest 
point, as in Nasmyth's hammer. In the latter^ the height of the 
hammer-block being only about double its breadth, a line drawn from 
its centre of gravity to one of the bottom edges would have a very con- 
siderable inclination, and consequently, whenever a blow was struck on 
the edge of the hammer flEU^e, a considerable proportion of the force of 
the blow would be received on the side guides as a severe lateral blow, 
the continued repetition of which would lead to injurious wear of the 
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face of the guides. But in Morrison *8 hammer, the height of the 
hammer-hlock itself heing 12 or 14 times its hreadth, its centre of 
gravity would be about in the position of the piston, and the correspond- 
ing line drawn to the bottom edge would have very little inclination, 
and consequently, the amount of lateral strain would be almost im 
perceptible. This circumstance appeared to him to account for the 
mode of guiding the piston-rod being found sufficient for the hammer, 
and the stuffing-boxes would most probably have failed, had not the 
source of lateral strain that existed in the ordinary hammer been removed. 
It was like striking a blow with the end of a long ram, as compared 
with the blow of a short hammer-head, and the effect would certainly be 
advantageous in the durability and steadiness of the hammer. 

Mr. Beyer had not found any serious difficulty in the working of 
Nasmyth's hammer, during five years' experience of the working of one 
of them ; it had worked very satisfactorily, and without any material 
repair for at least half the time. He had also had one in use for about 
four months at his own works, and had not experienced any trouble with 
it. He thought that Nasmyth's hammer, if kept up well in lepair, and 
not allowed to continue working out of repair, proved a very efficient 
and satisfactory tool ; and he did not see that a sufficient advantage was 
gained in the new form of hammer that had been described, to com- 
pensate for the additional guide and stuffing-box. 

Mr. FoTHERGiLL inquired what kind of work had been forged with 
the Nasmyth hammer that had been last mentioned ; as the amount of 
wear and injury would depend very much on the nature of the work, and 
whether light or heavy blows were required. 

Mr. Beter replied that the hammer had been employed for forging 
all kinds of uses for locomotive engine work, and would include all 
general varieties of work, both heavy and light. 

The Chairman thought the form of steam-hammer brought forward 
by Mr. Morrison appeared a very ingenious arrangement, possessing 
advantages in the steadiness of its action and the accui-acy with which 
the hammer was guided ; the freedom from accident and repairs was 
also very satisfactory. If the hammer continued to work with so little 
repairs and trouble as had been stated, he thought it would certainly be 
an important improvement, and remove a source of serious inconvenience 
and expense in the ordinary steam hammer. 
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He proposed a vote of thanks to Mr. Morrison, which was passed. 



The following paper, by Mr. Edward J. Payne, of Birmingham, was 
then read : — 

ON A NEW MANUFACTURE OF 
COMPOUND METALLIC RODS AND BARS. 

At a time like the present, when the high price of Iron is of 
such importance to the consumers of Rods and Bars, descriptions 
of iron very extensively employed in many of the staple trades of 
this neighbourhood, there may he some interest attached to the 
results of some experiments lately made with the view of producing 
an economical substitute for solid iron rods and bars, such as are 
mainly employed in the manufacture of fences, railing, hurdles, 
metallic bedsteads, and many other purposes. 

The specimens now exhibited, though somewhat crude, serve to 
elucidate the principle of the process. 

They are small samples cut from lengths of rods and bars rolled 
in the following manner : — Two skelps of iron of the requisite weight, 
previously ascertained, and of the section shown at A, in Fig. 2, 
Plate 4, are placed together to form a cylinder, as in Fig. I : and 
two similar skelps, B B, but of a somewhat larger size, are laid round 
this cylinder in such a manner as to break or cross the joints, as 
shown in Fig. 1. The whole is then bound together with iron hoops 
or strong wire, and a short piece of solid metal driven into one end 
of this cylinder, which is then filled with sand, earth, or ashes, and 
well and tightly rammed and dried, after which the open end is 
plugged in the same way as the opposite one had been. 

The billet thus charged is put in the furnace, and when at a 
sufficient heat is removed to the rolls, and rolled out precisely as 
solid iron ; the sand core being reduced in very nearly the same 
proportion as the iron. The exactness of this proportion depends 
entirely upon the thorough ramming of the core in the billet, for if 
the sand be loose, it follows that by the compression of the core in 
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rolling, the iron makes up the deficiency in diameter, and a shorter 
length of rod than the billet was calculated to make is the result. 
Some of the specimens show this result clearly. The area of sand 
in the billet shown full size in section in Fig. 13, was one of iron to 
one of sand, or half sand, but after rolling and reducing it to the 
size of section in Fig. 14, and nearly 20 feet in length, it was found 
to have assumed the proportion of one and a half iron to one of sand, 
or only 2-5ths sand. 

It will be perceived by the specimens, that the sand during the 
process has become by the heat aud great pressure, a semi- 
vitreous body of exceeding hardness., so close in its texture as to 
bear a polish ; and this appears to add (in conjunction with the 
tubular form of the metallic portion of the rod) very great additional 
strength ; — for upon testing one of the specimens about 5-8 ths of an 
inch in diameter against a length of solid iron rod of the same dia- 
meter, by placing both upon benches, and suspending weights from 
the centre, the compound rod was found to sustain without deflec- 
tion a weight that nearly doubled up the solid rod. 

Fig. 11 is a section shown half size of a billet 3 inches diameter, 
made of a single skelp turned up into a cylinder, and containing 
the same proportion of sand, viz., one half, after being rolled down 
to the size shown in Fig. 12, f inch diameter, the result showed a 
diminution in the proportion of sand, the finished rod being in 
the proportion of Ij- iron to 1 of sand, or 2-5 ths area of sand. 
This was done at the Cwm Avon Works in South Wales. 

Some of the rods produced have been made from billets turned 
up into a cylinder from a flat skelp in gun-barrel rolls, and one from 
the breech end of a twisted gun-barrel ; this was of course done 
merely as an experiment, as it appeared to be the worst description 
of tube for the purpose ; the core however proved as sound as any 
of the rest. Generally speaking, the form of billet first described 
appears to be the best, and it is certainly the least expensive. 

Thus far the manufacture has been described of round rods* 
For square rods and flat bars, the same description of billet is 
employed, varying only in section; thus, for a square rod, a billet 
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of the section shown in Fig. 5, composed of two skelps of a V form, 
as seen in Fig. 6, at FF, will be used; and for a flat bar, the section 
in Fig. 3, made of skelps of angle iron, as in Fig. 4, would be em- 
ployed, the operation of rolling being identical with that now. in use 
for solid iron. 

It now remains to show the results attained by thesfe experiments, 
as to the saving of cost in the manufactured rod. The most com- 
plete estimate in the possession of the writer is one furnished from 
the works in South Wales, where the greater portion of these experi- 
ments have been made, which is the following : — 

Assuming the present price of the rolled skelps of the sections 
shown, to be 

£ 8. d. 

9 10 per ton, 

/I/I o in n J P^^ *^^' ^^^^ ^^ making, ramming, and plugging the 

^^^ ^ ^^ ^\ billets, including cost of sand, 

add 1 .0 per ton for contingencies and waste. 



J61 3 Total cost of working up one ton of iron into a length 

equivalent to that- which would be produced from two tons of solid 
iron ; giving . the price of the rods or bars containing half sand, 
£6 lOs. per ton measurement, or a saving of about £3 for the same 
length of rod or bar. But it should be remembered that these 
experiments have been confined to the production of rods not 
exceeding one inch in diameter, and that as the diameter of the rod 
increases, a considerably greater proportion of sand than one half 
can be introduced, consequently a ton of iron may be made to pro- 
duce more than two tons measurement of the larger rods or bars ; 
this estimate of the saving on an avert^e of all marketable sizes, 
would therefore be rather within the mark than otherwise. 

The samples of rails upon the table, and shown in Figs. 8 and 10, 
were also rolled at the same works in South Wales, with a view of 
testing the applicability of the invention to effect a saving of metal 
in this branch of manufacture. 

The piles shown in Figs. 7 and 9, were made in the usual 
manner, with upper and lower plates of No. 2 iron, the remainder 
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being puddled bars, and having a hollow in the centre, for the 
reception of the core ; the sand was in this case first rammed in a 
core box, DD, made of plate iron, J in. thick. In one of these piles 
the core was 4} inches, in the other, 3^ inches square, but the 
ends were left unplugged ; the result of the rolling showed that the 
sand assumed very much the form of the rail^ but from the omission 
of the plugging, the area of the section of sand in the rails, as seen 
at SS, is not nearly so great in proportion as that of the^one intro- 
duced in the pile. 

Some samples of small copper tubes, made on the same principle 
as the iron rods, are also shown among the specimens, the only 
difference in their manufacture being, that the billets were in this 
case drawn cold, consequently, the sand, not being vitrified, was 
readily removed afterwards from the bar, leaving it an open tube ; 
but these may be more easily made by charging the billets (the 
cylinders for which are cast as shown by the specimen exhibited) 
either with pure silica or plaster of Paris, neither of which will 
vitrify, and then rolling them hot in the same manner as the iron 
rods. This kind of core undergoing no change by the action of the 
fire, may be bored out with ease. 

Further experiments are now being made, with the endeavour to 
produce rods having a mere skin of iron on the strong core, the 
result of which the writer will be happy to communicate on a future 
occasion. 



The Chairman thought the subject of the paper appeared one of 
considerable interest, and well deserving consideration in connection 
with the present high price of iron. Some other applications of the 
plan might perhaps be worth considering, such as the case of long lines 
of shafting, where it would be useful to obtain great rigidity with a less 
quantity of iron. The value of the plan would depend much on a uni- 
form regularity being obtained in the position of the sand core in the 
bars when finished ; and he inquired the cause of some irregularity that 
appeared in the specimens of rails and some of the bars. 
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Mr. Payne replied that the specimens of rails were the results of 
only the first experiments, made for the purpose of trying the applica- 
hility of the process to such a manufacture, and the practicability of 
drawing down the sand and iron together under such circumstances. 
They were imperfect specimens of the process, and the irregularity in 
the sand core was caused by not having the sand rammed hard 
enough at the commencement, and not plugging up the ends of the 
billet. In forming a double-headed rail, it had been intended to 
introduce a sand core in the centre of each head, extending partly 
down the stalk of the rail, but separated by about an inch of solid 
iron in the centre of the stalk, for the purpose of tying the two 
sides of the^netal together. The application of the process to rails 
had not, however, been considered of so much importance as its 
use in various forms of bar iron to which it appeared more particu- 
larly applicable. 

The Chairman thought there would be considerable difficulty in 
the application of the process to rails, and there would be a danger 
of their bulging out in the centre, when subjected to the crushing 
action of the wheels rolling upon them. 

Mr. Mathews asked whether the labour of ramming the sand 
into the pile, could be reduced by any process of running vitrified 
sand, or other liquid material, into the hollow centre of the pile ? 

Mr. Payne replied, that any process of that kind would require 
a complete tube to be first produced and filled with the material ; 
but that by the present process, the expense of making a tube was 
avoided, and the skelps were welded together at the time of rolling 
out the whole ; the object was to weld the tube by the same pro- 
cess as drawing down the compound bar 

Mr. May remarked, that the core did not become vitrified in the 
process, but appeared to remain sand in all the specimens, and 
this constituted its value in the process ; the heat was not sufficient 
to vitrify the sand, which remained solid, and did not melt or 
vitrify, but became only more condensed and drawn out in form. 

• Mr. FoTHERGiLL observod, that the cores in many of the speci- 
mens were out of the centre, and in any application of the plan to 
the manufacture of shafting, it would be essential for the core to be 
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kept exactly in the centre; if there were any deviation in this 
respect it would be a serious objection, as the thickness of metal 
would be unequal, and might be almost cut through where journals 
were turned down upon the shaft. 

Mr. Henry Maudslay suggested, that the shaft might be made 
solid at the ends if required to be turned down, and the other 
bearings made by shrinking on collars to avoid turning down the 
shaft, according to the present practice in ordinary solid shafting. 

Mr. Fothergill thought there would be a difficulty in regulating 
the position of any solid parts in the manufacture of the shaft, to 
provide for turning down in the right place. 

Mr. Fenton remarked, that if the core was not truly in the centre, 
the shaft would be out of balance and lob-sided, causing a very 
objectionable vibration and unsteadiness at high speeds. 

Mr. Payne explained, that if the core was truly placed in the 
billet, it was found to remain quite true throughout the process of 
rolling. The early specimens shown were imperfect in this respect 
on account of the imperfection in forming the original billets in the 
first experiments ; but by the present plan the two equal thicknesses 
of skelp forming the metallic portion of the rod, insured an equal 
thickness of metal all round, and a true position for the sand core ; 
and in rolling down the bar the thickness of metal was found to be 
reduced with remarkable uniformity in all parts, so that he thought 
a correct central position of the core could bo insured after some 
practice in the manufacture. 

Mr. Clift inquired whether any experiments had been made to 
test the relative strength of the compound bars and tubes of the 
same size and thickness ? he did not see that the sand core could 
add materially to the strength of the tube. 

Mr. Payne replied, that a trial had been recently made of the 
transverse strength of one of the compound sand-bars f inch 
diameter, compared with a tube of the same thickness of metal, 
and also a solid rod, all of the samp external diameter; but in 
♦consequence of a slight inaccuracy in the sizes not being exactly 
the same, the experiment had not been stated ; the result, how- 
ever, was that the sand-bar was considerably stronger than the 
hollow tube, and it was also stiffer than the solid rod. 
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Mr. EvERiTT had witnessed the trials in making tubes by this 
process, but although the result was satisfactory in soundness of 
tube and uniform thickness of metal, he thought the expense of 
getting out a sand core would prove too great to allow of manufac- 
turing tubes by this plan. For light bars, such as fencing, where 
stiffness was the main requisite, the method might be verj' advan- 
tageous, producing a rigid rod at less expense than bar-iron of the 
same stiffness. 

Mr. Mathews asked what proportion of sand was proposed to 
be employed? 

Mr. Payne replied, that j- sand had been hitherto used in the 
billet, which became reduced by the compression of rolling to 
about fths sand with fths iron in the finished rod; but it was 
expected that this proportion of iron would be reduced by further 
trials to J-, or perhaps less in the finished rod. 

The Chairman said, that on a future occasion they would be 
glad to receive the results of the further trial and application of the 
process ; and he proposed a vote of thanks to Mr. Payne, which 
was passed. 



The following paper, by Mr. James Fenton, of Leeds, was then 
read : — 

DESCRIPTION OF AN IMPROVED SAFETY VALVE, FOR 

LOCOMOTIVE, MARINE, AND STATIONARY STEAM 

BOILERS. 

The numerous steam-boiler explosions which Have recently occurred 
in this country, have necessarily given this subject much interest and 
importance. Not only has a vast amount of property been destroyed, 
but many valuable lives have been lost through these fatal disasters — 
the average, it is believed, exceeding one per day. 

There can be no doubt that in too many instances, the evil may be 
traced to the defective working, or total stoppage of the safety valves, 
either from overloading or otherwise ; it has therefore become a matter 
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of importance to devise an arrangement of safety valve that is not 
liable to stick or lock itself ; and for marine and stationary boilers more 
particularly, one that the engineer or boiler attendant cannot tamper 
tvith. 

The Author believes that the Safety Valves described in the present 
paper, fulfil both these conditions, simply, cheaply, and effectively. 

The single valve shown in Plate 5, is arranged for a locomotive 
boiler, and the double one, in Plate 6, for a locomotive, marine, or 
stationary boiler. 

The improvement in these valves consists in the application of the 
ball and socket principle throughout the arrangement, and in the novel 
combination of the two valves under one lever. 

The valve is a sphere resting upon a spherical seat, and is provided 
with cup and ball fittings to the lever and appendages. A cup rests 
immediately over the sphere, in connection with a lever, in which it is 
held by a spindle. One end of the lever is held upon a vertical spindle ; 
the nut by which it is secured, is spherical at its lower end, and fits 
into a corresponding cup on the upper side of the lever. The long arm 
of the lever is provided with a like fitting, by which it is connected to 
the spindle of a spring balance, while the lower end of the spring 
balance spindle is connected by a similar one to a rod or arm project- 
ing from the boiler ; the object of these fittings is to allow of play at 
every joint, and in order further to prevent any part of this valve from 
sticking, care is taken that the parts which come in contact in forming 
the joints shall not be of the same metal. Fig. 1, Plate 5, is an 
elevation with the valve-seat in section of a locomotive safety valve ; 
Fig. 2, a transverse section, and Fig. 3 a plan. 

A is the valve, BB the valve seat casing, which is cast in brass or 
gun metal, and bolted to the boiler by the flange. The valve-seat is 
formed out of a circular edge, turned and ground to fit accurately 
the valve A ; the upper part of the valve-seat is dished out, in order that 
directly the valve is lifted from its seat by the pressure of the steam, 
there may be sufficient space for the steam to blow off freely. DD are 
four guides to insure the valve falling accurately into its seat ; the valve 
A is cast hollow, and afterwards turned perfectly spherical, or as nearly 
so as possible; E.is a cup or cap, cast concave, and ground to fit the 

D 
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upper part of the valve ; a projection or spindle is cast in a piece 
with the cup, and formed with a hemispherical end, which fits into a 
corresponding hemispherical cup, in the underside of the lever F ; GG 
is a vertical spindle, the lower end of which is screwed into a snug cast 
upon the valve-seating ; the upper part of this spindle is also cut with 
a screw thread, upon which is fitted the nut I, the underside of which 
is made spherical, and fits into a corresponding cup formed in the 
upper part of the lever F, a conical hole being drilled through the lever 
at this part, so as to enable it to be passed over the end of the vertical 
spindle, and retained there by the nut I, which thereby acts as a ful- 
crum to the lever. The opposite end of the lever is furnished with a 
similar nut and hole, through which the screwed end of the spindle K, 
of an ordinary spring balance I, is passed, the lower end of the box of 
the balance being fitted with a screwed spindle, which is passed through 
the rod or arm M, and fitted with a nut ; the lever F is curved down 
at each end, in order to bring the centres of the spherical nuts in the 
same line with the central line of the lever, and thereby to render the 
action of the valve more accurate and certain. 

Figures 4 and 5 show a double form of this safety valve, in which 
two of the valves are combined in such manner, that when any action 
takes place, either intentionally or otherwise, the tendency of which is 
to overweight the valve, one of the two immediately becomes a fulcrum 
about which the other is raised ; N O are the two valves, each con- 
structed in the same manner as the foregoing ; P is a spiral spring, 
placed between the nut I and the end of the lever, which acts either 
as a fulcrum or as a weight to the lever, according to the adjustment 
of the spring balance, for should the spring balance be screwed down, 
or weighted to resist a greater pressure than the spiral spring, then 
the latter would become compressed and' the steam blow ofip through 
the valve ; but should the spiral spring be screwed down to an excess 
of pressure over the spring balance, then the steam would blow off 
through the other valve N. 

It may be remarked that the old class of valves may be readily and 
inexpensively altered to the single valve, on nearly all locomotive 
boilers, as the seatings, spring balances, and long ends of the levers, 
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can all be retained ; and if required, the back spring may be implied by 
simply lengthening the fulcrum bolt. 

Several of these valves have been in use on the locomotive engines 
on the York and North Midland Railway, for the last seven months, 
with the most complete success. 

The double valve is virtually a " lock-up valve," being so arranged 
that the balls alternately become the fulcrums for each other, as the 
spring balance is screwed above, or below the point of adjustment ; at that 
point alone do they both blow off. 

Supposing the required working pressure in the boiler to be 100 lbs. 
per square inch, the back spring and spring balance are adjusted till 
both valves blow off simultaneously ; the foimer is then locked up, 
placing both valves beyond the control of the party in charge of the 
boiler. The springy adjustment at each end of the lever must insure 
an additional amount of safety, as there is really no sticking point left 
m the whole arrangement, and should either spring get out of order, it 
.can at once be ascertained which is defective, by moving the long end 
of the lever up and down. 

Two spring balances coupled together are shown on the drawing, 
with the view of using the old ones, when the double valve is applied 
to the present locomotive boilers. 

Several of these valves are now at work on stationary boilers, ana 
perfectly fulfil all the conditions required. 

The guide R, applied to the lever, may be dispensed with, by pro- 
perly adjusting the taper of, the holes in the lever and arm for holding 
the bottom of the spring balance. 



The Chaibman said, the proposed arrangement of valve appeared 
to have much ingenuity and merit ; the double lock-up valve was 
particularly simple and complete, both the valves being locked in 
effect, but still free to move and blow off. 

Mr. Fenton remarked, that it was found a practical advantage 
of much importance that the lock-up spring was adjusted to the 
required limit of pressure by the open spring balance alone ; thus 
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entirely avoiding the uncertainty of pressore adjustment that existed 
in many lock-up springs, arising from difficulty in measuring the 
pressure accurately when adjusted, and from change in the elasticity 
of the spring during use. In the new arrangemeot this pressure 
was continually checked hy the open spring balance, and could he 
readily tested with certainty, by screwing down the spring balance 
until the lever began to lift up the locked spring by acting upon the 
front valve as a fulcrum; the arrangement formed a simple and con- 
venient mode of obtaining the advantage of a lock-up safety valve 
with the ordinary pair of open valves, without interfering with their 
action. 

The Chaibm AN asked whether any other form of spring, such as 
a flat volute spring, had been tried for the loek^up spring; he 
thought the ordinary spiral spring would probably not be found the 
best for the purpose, as it did not stand so well under very heavy 
pressure. 

Mr. Fenton replied, that a trial of some volute springs was 
expected to be made shortly, but there had been found a difficulty 
at first in getting them made suitable for the purpose ; the spiral 
spring that was shown had however been found to stand satisfac- 
torily in the valves that were at work, and when a greater pressure 
was required than could be well obtained with a single spring, a 
second spiral spring was added in the interior of the first one, with- 
out occupying more space, or altering the outer casing. 

Mr. FoTHBRGiLL had known the ordinary safety valves stick in 
many cases in the joints of the levers, arising from dirt, and also 
inaccuracy in the fitting, and consequent imperfection in the bearing 
of the several moving parts, causing oblique strain and friction ; 
but the new valve of Mr. Fenton entirely avoided this cause, and 
the arrangement was certainly very perfect in insuring always a 
correct action of aU the parts. 

Mr. Mat inquired whether any particular process had been 
adopted for getting up the balls of the safety valves. Ball-valves 
could be made to fit very accurately ; he remembered a remarkably 
perfect specimen that was made by an old foreman of Messrs. 
Ponkin*s, — ^it was a glass sphere dropping into a steel plate with a 
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thin knife-edge round the aperture, and it fitted perfectly air-tight, 
although the surfiEice of contact was so exceedingly minute. 

Mr. Fenton replied that the best plan he knew for the purpose 
was that used by Mr. Bamsbottom, for getting up the ordinary ball- 
vakes of pumps ; two cast-iron cups were employed, revolving in 
opposite directions, one inverted over the other, and the ball was 
ground between them with emery. The cost of getting up the pump- 
valves was, he believed, very small by this plan, oi^y about \^. 
per ball, and ihej were made very perfect. 

Mr. FoTHEBGXiiL remembered seeing in an old list of patents, 
tiiat a machine had actually been patented for the purpose of grind* 
ing children's marbles by a similar plan. 

Mr. Adams remarked that the common mode of grinding 
children's marbles was a curious instance of simplicity in machinery ; 
a number of ^tone chips, broken to size, were put together in a tin 
box and fastened to the rim of a water-mill wheel« and there left to 
grind themselves into shape. 

The Chaibkan inquh'ed what was the relative expense of the 
new safety valves, compared with that of the ordinary ones ? 

Mr. Fenton replied that the single valves were about the siime 
cost as the ordinary ones, but the double valves combined under one 
lever, were about one-third less cost than a corresponding pair of 
ordinary valves ; the cost was about £13 for the double valve, and 
£10 for the single one, including the spring balances. 

The Chaieman thoi:^ht the plan was an ingenious improvement 
to prevent sticking of the valves, and the conse(juent risk of accident, 
by insuring a constant free action ; and it was a very simple and 
eJffi^cient ai^ang^ment for obt^uning a lock-up valve. 

He proposed a vote of thanks to Mr. Fenton« which was passed. 



The following Paper, by Mr. John Rqss, of Birmii^am, was 
then read : — * 
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The end of the inner pipe is made a few inches longer than 
necessary, to allow of cutting off the nozzle, whenever burnt out, 
and shortening the tuyere by welding on another ring to form the 
nozzle. 

The Author has had seven of these wroughtriron tuyeres in 
constant use, one for 11 months, and the rest for an average of six 
months, without any perceptible wear. 



The Chairman inquired where the improved tuyeres were at 
work, and to what extent they had been adopted ? 

Mr. Boss replied, that there were many of them in use in Derby, 
and a number at his own works, and some other works in Birming- 
ham ; but he was not aware whether they had got into use elsewhere 
to any extent at present. He had expected Mr. Lee to be present 
at the meeting, who would have been able to give more information 
about their use. Mr. Lee had used the first of these tuyeres about 
eight years ago, but those at his own works had been only two or 
three years in use. These were all cast iron, but made so as to 
admit of adopting the proposed wrought- iron nozzles afterwards in 
the course of repair, as he considered wrought iron so much better 
for the purpose as to be worth the extra cost. All those that he had 
used had continued at work satisfactorily, without giving any trouble ; 
except a few of the first which had the tuyere placed below the 
bottom of the cistern, attached to the underside, and were found to 
get choked up in time by the sediment depositing in the water space 
of the' tuyere ; all the others, which were attached at the side of the 
cistern above the bottom, remained entirely free from obstruction. 

Mr. Beyer had seen a similar construction of tuyere before, and 
considered it a good plan, and he had adopted it at his own works 
recently, as preferable to the ordinary water tuyeres ; he thought it 
was as much as twelve years since it was first introduced. 

Mr. Jones remembered also a similar tuyere in use earlier than 
that time. 

The Chairman remarked that the mechanical value of the 
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invention was the more important question for consideration, rather 
than that of priority of invention. 

Mr. Fernie said that as successor to Mr. Lee, at the Britannia 
Foundry, Derby, he could speak to the wear and efficiency of the 
improved tuyeres, and he had found them very durable and satis- 
factoiy in work. He had a considerable number in constant usof 
and none of them had required replacing during the last two years ; 
they continued quite sound and in good order, although all of them 
were cast of the simplest form, as in the first drawing shown, Fig. 3. 
He had not found any disadvantage from making them of cast iron, 
and it was an important point in such things to obtain cheapness 
and simplicity of construction ; any adoption of wrought iron for 
the purpose, would add materially to the cost, and he did not think, 
from his own experience, that it was required. 

The Chairman thought the tuyere appeared a decidedly useful 
improvement, and it was one of those cases of simple inventions, 
that were often very useful and serviceable to be brought before tlie 
members. He proposed a vote of thanks to Mr. Ross, which was 
passed. 



The meeting theQ terminated, and after the meeting, Mr. Andrew 
Shanks, of London, exhibited a specimen of his improved Pressure 
Gauge. 

In the evening a number of the Members and their friends, 
including several guests incited on the occasion, dined together in 
celebration of the Eighth Anniversary of the Institution* 
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SUBJECTS FOR PAPERS. 



Steam Engine BoilebSj particulars of constructioE — ^form of heating Burfiusa — ^relative 
7Blue of radiant surface in effect and economy — cost — consumption of fuel — 
evaporation of water — ^pressure of steam — steam gauges, high pressure and low 
pressure — explosion of boilers, and means of prevention — effects of heat on the 
metal of boilers, low pressure and high pressure — incrustation of boilers, and means 
of prevention — evaporative power and economy of different kinds of fuel, coal, wood, 
charcoal, peat, patent coal, and coke — ^moveable grates, and smoke-consuming ap- 
paratus, facts to show the best plan, and results of working. 

Steam Engines, expansive force of steam, and best means of using it — ^power obtained 
by various plans — ccmiparison of double and single cylinder engines — comparative 
advantages of direct-acting and beam engines — ^indicator figures from engines, with 
details of useful effects, consumption of fuel, &c. — contributions of indicator figure* 
for reference in the Institution. 

Pumping Engines, particulars of various constructions — size of cylinder and pumps — 
strokes per minute, and horse-power — ^number and size of pumps, and strokes per 
minute — comparison of double-acting and single-acting pumping engines — ^particu- 
lar details of different valves — application of pumps — fen-draining engines — com- 
parative advantages of scoop wheels and centrifugal pumps, lifting trough, &c. 

Blast Engines, best kind of engine — size of cylinder, strokes per minute, and horse- 
power — details of boilers — size of blowing cylinder, and strokes per minute — 
pressure, and means of regulating the blast — improvements in blast cylinders — 
rotary blowing machines. 

Marine Engines, power of engines in proportion to tonnage — different constructions 
of engines — dynamical effect compared with indicator figures — comparative economy 
and durability of different boilers, tubular boilers, flat flue boilers, &c. — ^weight of 
machinery and boilers — ^kind of paddle wheeb — speed obtained in British war 
steamers, in British merchant steamers, and in Foreign ditto, with particulars of 
the construction of engines with paddle wheels, &c. — screw propellers, particulars 
of different kinds, improvements in the form, number of arms, material, means for 
unshipping, horse-power applied, speed obtained, section of vessel — ^iron and wood 
ships, details of construction, lines, tonnage, cost, &e. 

Rotary Engines, particulars of construction and practical application — details of the 
results of working. 

Locomotive Engines, express, passenger^ and luggage engines — ^particulars of con- 
struction, details of experiments, and results of working — speed of engines, cost, 
power, weight, steadiness — consumption of fuel — Cheating surface, length and 
diameter of tubes — experiments on size of tubes and blast pipe — compM*ative expense 
of working and repairing — ^best make of pistons, valve gear, expansion gear, &c. 
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Calobio Engines, and Engines worked by Gas, Gon-cottou, or other explosiye com- 
pounds — comparative consumption per horse-power per hour. 
EiiECTSO-ldAGNXTic ENGINES, particulars and results. 

Wateb- Wheels, particulars of construction and dimensions — ^form and depth of 
buckets — ^head of water, velocity, per-centage of power obtained — ^turbines, con- 
struction and practical application, power obtained, comparative effect and 
economy. 
Wind Mills, particulars of construction — ^number of sails, surface and form of sails — 

velocity, and power obtained — average number of days* work per annum. 
CoEN Mills, particulars of improvements — ^power employ^ — application of steam 
power — results of working with an air blast and small stones — advantages of r^u- 
larity of motion. 
SuGAB Mills, particulars of construction and working — ^results of the application 

of the hydraulic press in place of rolls. 
Saw Mills, particulars of construction-^mode of driving — ^power employed — ^particu- 
lars of work done — ^best speeds for vertical and circular saws — ^form of saw 
teeth — saw mills for cutting ship timbers — veneer saws. 
Oil Mills, facts relating to the construction and working, by stampers and by 

pressure. 
Cotton Mills, information respecting the construction and arrangement of the 
machinery — ^power employed, and application of power — cotton presses, mode of 
construction and working, power employed — ^improvements in spinning and card- 
ing machinery, &c. 
Machinery for manufacturing Flax, both in the natural length of staple and when cut. 
Rolling Mills, improvements in machinery for making iron and steel — ^mode of 

applying power — steam hammers — ^piling of iron — ^plates — ^fency sections. 
Stamping and Coining Machineey, particulars of improvements, &c. 
Paper-Making and Paper-Cutting Machines, ditto ditto 

Printing Machines, ditto ditto 

Calico-Printing Machinery, ditto ditto 

Water Pumps, facts relating to the best construction, means of working, and applica- 
tion — best forms — velocity of piston — construction of valves. 
Air Pumps, ditto ditto ditto 

Hydraulic Presses, facts relating to the best construction, means of working, and 

application. 
Rotary and Centrifugal Pumps, ditto ditto ditto 

Fire Engines, ditto ditto ditto 

Sluices and Sluice Cocks, ditto ditto ditto 

Cranes, ditto ditto ditto 

Steam Cranes, Hydraulic Cranes, Pneumatic Cranes, ditto 

Lifts for raising Trucks, &c. ditto ditto ditto 
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Lathes, Planing, Bobino, and Slottino Machines, &c., particolan of improTe- 
ments — description of new self-acting tools. 

Toothed Wheels, best construction and form of teetli — ^results of working — ^power 
transmitted. 

Dbiving Belts and Steaps, best make and material, leather, rope, wire, gutta percba 
&c. — comparative durability, and results of working — ^power communicated by 
certain sizes. 

Dynamometers, pressure-gauges, governors, construction and workings 

Stbength op Materials — facts relating to experiments on ditto, and general details 
of tbe proof of girders, &c. — girders of cast and wrought-iron, particulars of differ- 
ent constructions, and experiments on tbem — ^best forms and proportions of girders 
for different purposes — ^best mixture of metal — mixtures of wrought iron with cast. 

Durability or Timber of various kinds — best plans for seasoning timber and cordage 
— ^results of Kyan*s, Payne's, BetbeU's, and Burnett's processes, &c. — comparative 
durability of timber in different situations. 

Corrosion op Metals by salt and fresh water, and by the atmosphere, &c. — ^fects 
relating to corrosion, and best means of prevention — means of keeping ships* 
bottoms clean. 

Allots op Metals — ^focts relating to different alloys. 

Friction op various Bodies — facts relating to friction under ordinary circumstances — 
friction of iron, brass, copper, tin, wood, &c. — proportion of weight to rubbing 
surface — ^best forms of journals, and construction of axle-boxes, &c. — ^lubrication, 
best materials and means of application, and results of practical trials — ^best plans 
for oil tests. 

Iron Roofs, particulars of construction for different purposes — durability in various 
climates and situations — comparative cost, weight, and durability — proofs for slips 
of cast-iron, wrought-iron, timber, &c., best construction, form, and material — 
details of large roofs, and cost. 

FiRE-PROOP Buildings, particulars of construction — most efficient plan — ^results 
of trials. 

Chimney Stacks of large size, particulars, mode of building, cheapest construction, &c. 

Bricks, manufacture and durability — ^hollow bricks, fire-bricks, and fire-clay — ^per- 
forated bricks, cost of manufEicture, and advantages. 

Gas Works — ^best form, size, and material for retorts — construction of retort ovens 
— quantity and quality of gas from different coals — oil gas, water gas, &c. — ^im- 
provements in purifiers, condensers, and gas-holders — wet and dry gas-meters — 
pressure of gas, gas-exhauster — gas-pipes, strength and durability, and construction 
of joints — ^proportionate diameter and length of gas-mains, and velocity of the 
passage of gas — experiments on ditto, and on the friction of gas in mains, and 
loss of pressure. 
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Watek WoaM — ^fiEicts relating to water works— application of power, and oconomj 
of working — ^proportionate diameter and length of pipes — experiments on the 
discharge of water from pipes, and friction throngh pipes'*— strength and dura^ 
hility of pipes, and construction of joints — relative advantages of stand-^pipes and 
air-vessels. 

Well Sinking, and Aktesian Wells, facts relating to. 

Copper Dams and Piling, facts relating to the construction. 

Piers, fixed and floating, and Pontoons, dittp ditto. 

Pile-Driving Apparatus, particulars of improvements — ^use of steam power — ^Pott's 
apparatus — ^the compressed air system. 

Dredging Machines, particulars of improvements — application of dredging machines — 
power required, and work done. 

Diving Bells and Diving Dresses, facts relating to the hest construction. 

Cast-iron and Wrought-iron Lighthouses, ditto ditto 

Mining Operations, facts relating to mining — ^means of ventilating mines, use of 
steam jet and ventilating machinery — ^mode of raising materials — ^mode of breaking, 
pulverising, and sifting various descriptions of ores. 

Blasting, facts relating to blasting under water, and blasting generally — ^use of gun- 
cotton, &c. — efTects produced by large and small charges of powder. 

Blast Eurnaces — consumption of fuel in diffierent kinds — ^burden, make, wid quality 
of metal — ^pressure of blast — ^horse-power required— economy of working— im- 
. provements in manufacture of iron— comparative results of hot and cold blast. 

Puddling Furnaces, best forms and construction — ^worked with coal, charcoal, &c. 

Heating Furnaces, best construction — consumption of fiiel, &c. 

Smiths* Forges, best construction — size and material — power of blast — ^hot blast, &c. 

Smiths' Fans, and Fans generally, best construction, form of blades, &c., with facts 
relating to the amount of power employed and the per-centage of effect produced. 

Coke and Charcoal, particulars of the best mode of making, and construction of 
ovens, &c. 

Railways — construction of permanent way^ — section of rails, and mode of manufacture 
— experiments on rails, deflection, deterioration, and comparative durability — 
material and form of sleepers, size, and distances— ^improvements in chairs, keys^ 
and joint fastenings — ^permanent way for hot climates. 

Switches and Crossings, particulars of improvements, and results of working*— ad- 
vantages obtained by steeling points and tongues. 

Turn-Tables, particulars of various constructions and improvements. 

Signals for Stations and Trains, and self-acting signals. 

Breaks for Carriages and Waggons, best construction. 

Buffers for Carriages, &c., and Station Buffers — different construction and materials. 

Springs for Carriages, &c., buffing and bearing springs — particulars of different con- 
structions and materials, and results of working. 
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Railway Wheels, wrouglit-iron, cast-iron, and wood— particulars of different con- 
structions, and results of working — com^parative expense and durability — ^wrought- 
iron and steel tires, comparative economy and results of working — solid wrought- 
iron wheels. 

Railway Axles, best description, form, material, and mode of manufacture — com- 
parison of solid and boUow axles. 



The Council invite communications from the Members and their friends on tlie 
preceding subjects, and on any Engineering subjects that will be useful and interesting 
to the Institution ; — also presentations of Engineering drawings, models, and books 
for the library of the Institution. 

The communications should be written on foolscap paper, on one side only of each 
page, leaving a dear margin on the left side for binding, and they should be written in 
the third person. The drawings illustrating the communications should be on so large 
a scale as to be clearly visible to the meeting at the time of reading the communica- 
tion, or enlarged diagrams should be sent for the illustration of any particular portions. 
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PROCEEDINGS. 



Apbtl 25, 1856. 



The Geneeal Meeting of the Memhers was held at the house 
of the Institution, Newhall Street, Birmingham, on Wednesday, 
25th April, 1865 ; William Fairbairn, Esq., F.R.S., President, in 
the Chair. 

The Minutes of the last General Meeting were read and confirmed. 



The following Paper, hy Mr. Peter Eolhwell Jackson, of Man- 
chester, was then read : — 

DESCRIPTION OP A NEW MOULDING MACHINE FOR 
COG AND OTHER WHEELS. 

The difficulty that the writer experienced in the course of his 
practice, in not heing able to find wheels for driving machinery 
exactly suited in form, strength, and speed to the purposes required 
— (a difficulty that has been extensively felt, notwithstanding the 
veiy large and costly stock of wheel patterns existing in this 
country ;) led him some years since to investigate the subject with 
a view to discover if some mode of construction could be adopted 
which would enable the founder to make cog-wheels from a simple 
segment of two, three, or more teeth of any diameter, pitch, breadth, 
or shape of tooth, without the use of a pattern in the ordinary way. 

The result is the machine, a description of which is the subject 
of the present paper. 
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The process hitherto adopted for making the best cog-wheels, 
whether spur or bevil wheels, has been to construct an entire pattern 
of wood, an exact facsimile of the wheel to be cast, having each 
tooth formed and shaped upon it with great care. In all cases this 
involves a considerable expense and time, besides requiring very 
careful stowage till the pattern is next needed ; but in the case of 
large wheels this becomes a serious consideration, particularly the 
time required for preparing the pattern, which causes a great addi- 
tion to the loss and inconvenience occasioi^ed when an accident 
happens to one of the wheels in a factory, thereby stopping a large 
portion of the naachinery. 

. It will be seen that the plan now submitted enables the founder 
to produce wheels in the shortest possible time, and with a degree 
of accuracy which is quite unattainable in the usual way, in which 
patterns are often made in a hurry of imperfectly seasoned timber, 
and are rarely true even for a short time, and unless made from 
timber that has had years to season, constructed with the greatest 
care, and carefully stored, soon become valueless altogether. 

The proper form of teeth, which in every case should depend 
upon the dimensions of both the wheels which are to work together, 
can seldom be obtained in the ordinary way, owing to the great ex- 
pense of good patterns. This often leads to the adoption of a form 
of tooth which is but an approximation to that degree of truth which 
is readily attainable by the plan now submitted. 

It has often been found that wheels of the same pitch, and 
breadth, but from different makers, will on this account not work 
well together; this difficulty has sometimes been got over by a 
hand process of chipping and filing, (commonly termed pitching and 
trimming,) but such a process, besides the great objection in regard 
to expense, involves the inaccuracy inevitably attaching to hand 
work, and has also the obje^ti':in of removing the hardest and best 
portion of the metal. 

The nearest approach to accurate construction in this direction 
was, the writer believes, the attempt (formerly made by Mr. Bnm- 
ton, of Soho,) to shape the teeth by a slotting machine, tlie tool of 
which was guide*! by a tomplot of the desired tooth. 
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To obviate the diflBculties that have been referred to, the writer 
conceived the idea of placing in the foundry a machine, on the 
principle shown in the drawing, bj which, as virill be seen, he is 
enabled to produce with great accuracy a short segment of pattern, 
and also to mould mth equal accuracy from the segment thus pro- 
duced the entire circumference of the wheel required. 

Fig. 1, Plate 9, is a vertical elevation of the machine, showing the 
moulding box and apparatus connected with it, partly in section. 

Fig. 2, Plate 10, is a plan of the machine. 

Plates 1 1 and 1 2 show sections ^d details. 

The machine consists of a vertical spindle A, with a circular 
horizontal table or face-plate B upon it ; this spindle works in the 
conical bearing formed in the centre of the frame C. 

The foot of the spindle A is supported by four diagonal struts 
DD, extending downwards from the frame C, which support the 
weight of the table B, and anything that may be pu|i upon it, by 
means of a foo^step E, by which the table can be raised at pleasure 
in the conical bearing in the upper frame 0, thereby enabling the 
workman to turn the table round with very little force and perfect 
steadiness, though bearing great weight upon it. 

FF in the elevation and plan is a horizontal slide-bi^,' attached 
firmly to one side of the frame G ; upon this slide is moved the 
slidmg jib G carrying at its extremity the vertical slide H, a side 
elevation of which is shown in Fig. 2. 

A i-ack II is attached to the slide-bed, into which works a pinion 
on the shaft J driven by bevil wheels and the cross handle K. By 
means of this apparatus the vertical slide H can be placed in any 
position that may be required over the table B, or may be removed 
entirely clear from it on either side. 

The set screws LL are for the purpose of fixing the sliding |ib 
firmly upon the bed and holding it in any position that may be 
required. 

The vertical slide H is moved by a rack and pinion, worked by a 
handle and shaft M, and is rather more than counterpoised by a weight 
T attached to a chain passing over a pulley at the top. A ratchet- 
wheel with pall, shown in Figs. 5 and 6, Plate 12, is fixed upon the 
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handle M to hold the slide from heing drawn up by the balance- 
weight, or forced up by the moulder, and the balance-weight is made 
a little in excess so as to insure a pressure always upwards against 
the pall of the ratchet. 

On the lower end of the slide H, the block o^ood out of which 
the pattern of the teeth is intended to be produced, is fixed by 
being first screwed to a metal plate, which is bolted to the slide 
H, being fitted to the plate with vertical and horizontal guides, 
^md having corresponding ribs let into the pattern-block to hold 
it perfectly steady during the subsequent operations of cutting 
and moulding, and also affording the means of fixing the pattern 
true and square upon the plate on any subsequent occasions. 

The worm-wheel N is fixed on the under side of tbe circular 
table B, and is moved by the worm aind shaft O, which shaft is 
turned round by the handle and change wheels P, similar to an 
ordinary dividing or wheel-cutting machine. 

The worm and worm-wheel are constructed with great accuracy, 
and are protected from injury and exposure to any dust of the 
foundry, by a water-lute V, consisting of a vertical ring cast upon 
the under side of the table and revolving in a small circular trough 
of water attached to the plate of the lower ^rame. 

By turning the handle I* the required number of times, having 
previously adjusted the i ange-wheels so as to suit the number of 
teeth in the wheel intended to be moulded, the circular table B is 
turned round an interval equal to the pitch of the wheel, and this 
movement can be accurately repeated in succession through any 
portion of the circumference. 

A block of wood B having been fixed upon the slide H, the sUde 
baing adjusted at the required distance from the centre of the 
table, and the change wheels having been arranged to suit the 
re quired number of teeth, a cutter (of which a specimen is exhibited) 
is fixed in a horizontal spindle, which revolves in a stand fixed 
upon the main table B. at the correct distance from the centre of 
tho table corrt sponding to tbe radius of the intended wheel. This 
cutter is made to revolve rapidly, and the pattern-block is then 
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moYed down gradually by the yertical slide H, until a parallel cut is 
obtained through the entire block, forming one space in the pattern. 
The block is then raised, and by turning the table round the 
distance of the pitch, and repeating the cut by passing the slide 
down again before the cutter, another space is formed ; which 
operation is repeated until all the required spaces are cut in the 
segment pattern. A specimen of the segment is exhibited corres- 
ponding to the cutter and block previously shown. 

. The pattern is made tp terminate at somewhat less than half a 
tooth on each side, and a thin metal shield is fixed on each end in 
the direction of a radius of the circle, projecting about an inch 
beyond the crown or point of the tooth, for the purpose of prevent- 
ing the moulder in the subsequent process of moulding from 
disturbing the teeth that he has previously formed in the sand. The 
formation of the short segment pattern B being completed, the cutter 
and stand are removed, and the moijlding box S placed on the table. 

In the conical hole in the centre of the table is fitted a bush, in 
which an upright spindle works, the purpose being for measuring 
from it the diameter of the wheel, and for strickling or levelling the 
sand in the moulding box S to form the bottom of the mould of the 
intended wheel, previous to commencing the moulding of the teeth. 

The moulding of the teeth is performed in the following man- 
ner : — The segment pattern R is brought down by the slide H until 
it rests upon the levelled sand forming the bottom of the mould, the 
top of the segment being level with the edge of the box, and it is 
there held by the ratchet and pall, and weight. 

The moulder then rams up in the ordinary way that portion of 
the box opposite the segment pattern, and after venting the teeth, 
removing the pall, he draws the pattern^ by means oftiberackand 
pinion of the slide H ; he then turns the table round by the handle 
P, through the interval equal to the number of teeth contained in 
the segment pattern. The pattern is then again lowered, and the 
ramming up of the mould repeated in the fresh position of the box, 
and the same process continued imtil the entire circumference of 
the wheel is moulded. 

In sliding down the pattern into each fresh position, it is pre- 
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vented from disturbmg any portion previously moulded, by its not 
actually touching the sand, and the shield plates on. each end of 
the pattern prevent any risk of injury in thft*|>roqess of ramming. 
These plates leave a narrow channel in the sand, causing a small 
fin on the centre of the crown of the tooth at tSat position, which is 
broken and chipped off by the dresser after casting. 

The moulding of the cogs (the essential part of the mould) being 
thus completed, the box can be removed from the machine, and 
the moulder can proceed with another wheel, whilst other hands 
place the cores in the mould already formed. The spaces between 
these cores form the arms of the wheel, and the centre of the wheel 
is cored out in the ordinary way ; the rim of the wheel is formed 
by the spaces left between the outer extremities of the cores, and 
the sand forming the teeth, and the boss or nave is formed by the 
space between the centre core and the inner ends of the cores. 

The top box, having the lower edge turned, is rammed up on a 
true surface plate, forming simply a fiat top to the mould, and when 
placed upon the bottom box, the upper edge of which is also turned, 
and is on a level with the upper surface of the intended wheel, 
the sand being strickled off to the edge, forms a perfect joint ; and 
with the cores before named completes the mould for the wheel. 

Bevilled wheels are made by the same system on the machine, 
from a short bevil segment pattern, to produce which a peculiar 
cutter stand is used, admitting of adjustment to any desired bevil, 
by which, and the « machine, the operator is enabled to impart 
a correct spacing, and very nearly complete the entire segment. 
The pattern for a bevilled wheel is lifted vertically out of the sand 
in the same direction as a spur wheel, and does not slide in the 
direction of the inclined teeth, on account of the tapered form of the 
teeth. 

Backs can also be made by this machine from a few cogs, by 
attaching a dividing screw and change* wheels to move the sliding 
jib and vertical slide H, and fixing the pattern block at right angles 
to the face of the slide by an angle bracket, so as to mould the rack 
in a line parallel with the slide-bed. 
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For moulding reiy large wheels extending bcyoiMJ the range 
of the apparatus, the sliding jib and carriage ai-e removed altogether, 
and a horizontal arm fixed on the revolving table, carrying at its 
outer extremity the vertical slide H, and the segment patu^m, which 
are then moved round by the dividing gear, instead of moving the 
moulding-box, the operation of moulding taking place in a circle 
round the machine. The cutter-stand for cutting the pattern in 
this case is fixed upon the ground at the proper distance from the 
centre of the machine, and the pattern is made to move past the 
cutter, instead of the cutter moving from space to space of the 
pattern as before. 

The following advantages are experienced in moulding by this 
machine : — Each wheel bein^ made from a pattern of its own, 
specially adapted to work into its fellow, and not with reference to 
any other wheel, the general principle that any two wheels shotdd 
have the particular form oj teeth that will work best together can be 
strictly carried out without difficulty, and at a trifling cost. 

The accuracy which has hitherto been with difficulty obtained, 
even in the best patterns, is by this machine strictly imparted to 
the sand itself. The teeth, however long or broad, can by means of 
the slide H, be drawn out of the mould without any taper allowance 
whatever, and the workman^s attention being directed to a few teeth 
only at a time, he is more likely to give them special care. 
The time not unfrequently spent in what is called mending the 
mould, but which in fact, from the difficulty of guiding the hand, 
is too often found to impair the correctness of the work, is thus 
saved. 

The result is the production of spur and bevil gear of so much 
greater accuracy than has been produced by other means, that they 
can be run at a higher speed than has been hitherto considered 
advisable in heavy gearing. 

There is also less need for mortice- wheels, as the noise of gear- 
ing proceeds principally from too much clearance, and the want of 
truth in the teeth. 

This plan of moulding allows of H spokes, with flanches round 
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the inner edge of the rim, being adopted, as readily as the ordinary j^ 
or T section of spoke ; the H spoke makes a stronger ^rheel, but 
is not easily obtained by the old system. 

Spur wheels, with shields or flanges to the crown or pitch line, 
are made with greater facility than by the ordinary process of 
moulding, as the lower shields are more easily withdrawn, owing to 
the absence of sand in the centre of the mould. 

The large, and in some cases valuable fire-proof buildings, 
erected for the stowage of wheel patterns, will by the adoption of 
this process b.e saved, as one machine gives a greater range of 
pattern than the largest stock contains. 

This method is useful in enabling the founder to match exactly 
any old wheel, whether the same have parallel or taper teeth, by 
forming a short segment pattern to work with it with the ^eatest 
correctness practicable, and without having to adapt or modify any 
previous pattern. 

It may also be observed that the breakage of a wheel generally 
implies a deficiency in strength for the work it has to do, but with 
the old pattern the strength cannot well be increased. 

In order to show in how short a time a wheel can be produced 
by this process, an instance may be mentioned of a spur-wheel, for 
which the following order was sent to the author, by telegraph, firom 
Bristol, on 1st December last : — 

•* One spur-wheel, twenty-eight cogs, two feet three diameter at 
pitch line, cogs two and a quarter long, eight inch broad, six and 
five-eighths round eye, cast, four arms. Send by rail immediately. 
Write." 

This order was received at the writer's works at 8 J o'clock in the 
afternoon ; the tin templet, steel cutter, and segment to the right size, 
pitch, and number of cogs, were produced ; the wheel was moulded 
and cast, weighing 6i cwt. ; and after remaining five hours in the 
sand was taken out and dressed, carted nearly two miles, and 
forwarded by the Bristol train, which left Manchester at half-past 
9 o'clock the following morning, being a total time of 18^ hours; 
13 hours being the actual time of making the wheel. 
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Mr, Jackson exhibited a series of specimens of patterns for spur 
and beyil wheels made by the machine, from WS inch to 4^ ine 
pitch, and extending to 1 6 inches in breadth, with tbe steel cutler 
used for forming the teeth of one of the patterns, and the tin templet 
from which the cutter was shq)ed ; also a cast wheel 2 ft. 3 in* 
diameter that had been moulded on the machine. 

He explamed that after having moulded the teeth of a wheel, 
the further completion of the mould by inserting the cores for the 
centre and arms could either be done on the machine or after the 
box was removed, as might be most convenient ; sometimes the 
wheel had been cast whilst the box remained on the machine, but 
generally the box was removed as soon as the teeth were moulded, 
to allow another wheel to be proceeded with, and four or five wheels 
were sometimes on the floor at once, ready for casting at night, 
all moulded by the one machine during the day. The core-box for 
the arms was simple in construction, being made with two sides 
only, fi^xed at the required angle, determined by the number of arms, 
and having an adjustable end and bottom, to suit the difiisrent 
diameters and breadths of wheels. 

The Chairman said he had seen the machine at Mr. Jackson's 
works, and was much struck with the great accuracy with which the 
moulding of the teeth was accomplished, tbe motion of the slide 
being quite parallel and steady, so that the pattern was drawn out 
without risk of disturbing the sand. Before seeing the machine he 
feared some practical difficulty in insuring accuracy of the pitch at 
th6 several joinings of the pattern, but this was completely provided 
for, by the whole movement of the table, both in moulding and 
in cutting the pattern, being given by the same dividing wheel, 
which could be constructed with any required degree of accuracy. 
The machine appeared an excellent mechanical arrangement for 
obtaining a degree of accuracy in the sand, superior to the ordinary 
process of moulding ; and he thought the work must be truer than 
in any wheels cast h'om a pattern built up of pieces. 

He inquired what was the velocity of the cutter employed in 
forming the segment pattern, and whether the cutter finished the 
pattern sufficiently smooth for use. 
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Mr. Jackson replied that the cutter was driven at about 1000 
revolutions per minute, and the teeth of the pattern were completed 
at once by the cutter, and not touched by hand, except what was 
requisite for varnishing the pattern, which was done to protect it 
from injury by moisture. The cutter was driven by a cord, stretched 
tight by a sliding pulley and weight, to allow for the different 
positions upon the table required for cutting patterns of different 
diameters. 

The Chairman inquired how the cutting of bevil wheel patterns 
was managed on the machine. 

Mr. Jackson explained that a cutter shaped for the small end of 
the teeth was used in the same manner as in cutting the patterns 
for spur wheels, except that the pattern-block was held stationary 
and the sliding motion given to the cutter, in a direction corres- 
ponding to the inclination of the cone of the intended wheel, by an 
adjustable slide. The same slide could also be adjusted to carry 
a second cutter, revolving at right angles to the main cutter, which 
would finish the ends of the teeth, by cutting them off at proper 
angles to the face, and at the required length, the cutter-frame being 
made to travel round with the circular table. The teeth of the 
pattern were thus pitched out accurately by the machine and finished 
at the small ends ; and the spaces removed by the cutter were then 
widened and deepened to a uniform taper towards the other or 
large ends of the teeth, these large ends being first accurately 
marked out by placing instead of the first steel cutter a tin templet 
accurately fitting into its place and shaped to the correct form for 
the large ends of the teeth ; this templet was then brought down 
upon each space of the segment pattern in succession, by means 
of the dividing wheel, and the exact pitch and outline of each tooth 
carefully scribed from the templet. 

Mr. HoDGKiN asked whether the teeth of the pattern were 
dressed by hand to the required taper. 

Mr. Jackson said that some part of the work of shaping the 
teeth in bevil patterns only was done by hand, but the accuracy 
of the pattern was not affected, as the man had only to dress them 
off to a straight edge between two given points, since the teeth were 
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aecurately pitched and out complete at the smaller end bj the 
machine, and the position of the templet employed for marking 
out the larger end of each tooth must in each case truly coincide 
with the previous position of the cutter in forming the small end of 
the tooth, on account of the same movement of the dividing wheel 
of the machine being employed for the purpose in both cases. 

The Chaibman suggested the adoption of some different arrange- 
ment of cutter, to enable the tapered teeth to be entirely shi^ed by 
the machine, as it was advisable to avoid, if possible, any dependance 
upon hand work in forming the pattern. 

Mr. IUmsbottoh observed that the curve of the tooth in a bevil 
wheel being different at every portion of its length, on account of 
the whole tooth being tapered both in breadth and depth, caused 
the difficulty in cutting it by machinery, as no cutter could be 
passed through in the ordinary way, except the one fitting the small 
end of the tooth. 

*" Mr. Jackson said that an ingenious arrangement had been made 
by Mr. Bodmer, to shape the teeth in bevil wheels by means 
of a long conical cutter revolving on an axis parallel to the teeth, 
instead of at right angles to them, and pointing always truly to 
the apex of the cone of the wheel, the outer end being guided 
to the required shape of tooth by an enlarged templet. Such a 
cutter might give a pretty correct fovm to the teeth throughout their 
length, if the true taper of the sides of the cutter to the centre of 
the cone could be always maintained ; but in his opinion there were 
great practical difficulties in its application. 

Mr. Febnie inquired the expense of moulding by the machine, 
as compared with the ordinary mode of moulding cog wheels, when 
there was a pattern already made. 

Mr. Jackson replied there would h,e little difference ; his bevil 
wheels moulded by the machine were about the ordinary price, and 
spur wheels rather under ; spur wheels were supplied by him then 
at about Ids., and bevil wheels at about 17s. per cwt In using the 
machine it was unimportant whether the pattern had to be made or 
not, as the cost of a segment pattern was Very small : the smaller 
sizes were produced for about 3s.6d. each, including the cutter. 
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Mr. Fernie inquired what plan was followed in determining the 
form of curve for the teeth. He thought the machine appeared one 
of so much importance, and gave such facility for the correct forma- 
tion of the pattern, that the advantage of the hest theoretical form 
of tooth might be obtained in all the wheels, without regard to 
existing patterns. 

Mr. Jackson said he made any form of tooth that might be 
desired, and often had to form a special shape in the case of making 
a wheel to replace an old one, the teeth of the new wheel being 
modified so as to accommodate it in the best manner that was prac- 
ticable to the actual form of teeth of the fellow wheel with which it 
had to gear. 

The Chairman suggested that the form of teeth recommended 
by Professor Willis, and so completely worked out by him, might be 
advantageously adopted, and the machine certainly gave an impor- 
tant superiority in enabling wheels to be cast with the form of teeth 
best adapted to the particular purpose for which each wheel was 
required, without being confined by the limits of ordinary patterns. 

Mr. Jackson said the plan he adopted for the form of the teeth, 
when left to himself, was one suggested to him by Mr. Bodmer, 
which was to employ true epicycloid teeth, by cutting wood 
templets to the curves of the particular circles in each case, and 
rolling them upon one another, tracing the true curve by a steel 
point attached to the one circle upon a tin templet fixed upon 
the other ; the true curve for a single tooth was thus obtained wth- 
out hand-work, or the usual approximation by arcs of circles, and 
the steel cutter was then accurately fitted to the outline traced on 
the tin templet, this being in fact the only hand-work in the whole 
process ; the subsequent action of the machine insured a perfect 
copy of the form of the cutter in every tooth. 

Mr. Hawkes thought the machine was very ingeniously coq- 
trived, and would certainly produce very accurate work : he wished 
to know whether the time required for moulding the wheels was 
any longer than by the ordinary process. 

Mr. Jackson replied that the time of moulding was about the 
same in the case of small. wheels; the teeth of a 3 feet wheel, either 
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spur or bevil, would be moulded in about three hours by the ma- 
chine. In the case of large wheels, the moulding might be done 
quicker with an entire pattern than by the machine, by several sets of 
men being employed at once round the wheel ; but in the use of the 
machine, an important saying of time was found m practice from 
the circumstance that the necessity for mending the mould was 
avoided, which often caused considerable delay in the ordinary 
moulding, and however skilfully performed, the repaired part could 
never be so satisfactory as the rest of the mould. 

Mr. Hawkes asked whether in the case of a large number of 
wheels, say 1 00, being ordered from the same pattern, it would be 
considered preferable to make an entire pattern, or still to jnould 
them with a small segment, and suggested for such cases the appli- 
cability of a modification of the machine, adapted to draw the whole 
pattern at once, in a similar manner to the plan adopted with the 
segment pattern. 

Mr. Jackson said such a case had not occun'ed at present, as the 
machine had been mostly employed for making single wheels ; but 
in such a case, a larger segment of the pattern might probably be 
employed, or even an entire pattern, if the wheel were of moderate 
size. A machine might doubtless be made to lift any sized pattern, 
but there would be great difficulties in carrying it out practically, 
and with the present machine the process of moulding the teeth 
was so simple and certain that it was effected with great rapidity ; 
tlvp moulding could be done with a segment of a single tooth with 
equal accuracy, but time would be lost, and the general practice was 
to have from three to seven teeth in the pattern. 

The Chairman inquired what time the machine had been in 
operation since first starting, and how much work it had done. 

Mr. Jackson said it had been in work for eight or nine months, 
and about 170 spur and bevil wheels had been moulded upon it; 
the machine was now in constant work, and two improved machines, 
similar to the drawings exhibited, were also being made, to work in 
his foundry. 

Mr. Hawkes inquired whether any of the wheels moulded by the 
machine had been put to work in the neighbourhood of Birmingham. 
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Mr. Jackson was not aware whether any had been used in that 
district; most of the wheels had been made for millwrights and 
others, who were not able to get wheels to replace broken ones ; from 
not being able to find suitable patterns, thej had then sent for 
wheels moulded by the machine, to prevent^ the serious delay in- 
volved in making a new pattern; the saving of time was found very 
important in the ease of the breakage of large wheels in mills, as 
they were enabled to replace the wheel and start the mill again in 
two or three days, instead of sometimes having a delay of nearly as 
many weeks. 

Mr. Hawkes remarked that a difference in ramming the teeth 
was sometimes experienced ; some being rammed softer than others, 
causing a little irregularity in the casting by the yielding of the 
softer teeth; and inquired whether any difficulty of this kind was 
experienced in the moulding by the machine. 

Mr. Jackson said he had found some cases of the kind, though 
very rarely ; and they were safer from that risk with the machine 
than in the ordinary process of moulding, on account of the uni- 
formity and regularity with which all the teeth were successively 
rammed ; the moulder having to ram and complete only a few teeth 
at a time, they received more attention. 

The Chairman inquired what increase of speed was anticipated by 
Mr. Jackson, as practicable in heavy gearing, in consequence of the 
superior accuracy in the teeth of the wheels moulded by the machine. 

Mr. Jackson thought it was very difficult to assign a limit to ^e 
speed, if the teeth of the wheels were really accurate ; he thought a 
velocity of 5000 feet per minute might be attained in the circum- 
ference of heavy wheels, with the improved teeth obtained by the 
machine. He had found very considerable increase of speed prac- 
ticable in many eases where new wheels moulded by the machine 
were substituted for old ones that had broken ; in a rolling mill 
he was acquainted with, some of the old wheels had about {ths 
inch clearance, and badly-shaped teeth, and when he had put 
some new wheels moulded by the machine into their place, a 
great difference in the smoothness of the motion was experienced. 
He was confident the great imperfection in the teeth oause4 
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in some cases an irregularity to be communicated to the motion, 
and a serious loss of power in heavy machinery ; and a much 
higher speed might be safely attained by proper construction 
of the teeth than was generally considered practicable. He had 
been much struck by seeing in a spinning mill, at Alsace, in France, 
the whole of the self-acting- mule spindles, which were running at 
4000 revolutions per minute, driven by cog wheels in place of bands ; 
there was of course a shrill sound in the rooms from so many thou- 
sand wheels, but there was no excessive noise such as to prevent 
the voice being heard. He was convinced by the examination of 
that machinery, that accuracy of construction in the teeth was alone 
wanted to render practicable with cog wheels any speed likely to be 
required in machinery. These wheels were of iron, cast from metal 
patterns very carefully made. 

Mr. Hawkes asked whether it was found requisiie to rap the 
pattern whilst drawing it up from the mould, to prevent the sand 
adhering to it. He suggested the use of a metal plate laid on Uie 
top of the sand to keep it down, the plate fitting in only roughly 
between the teeth. 

Mr. Jackson said that the pattern was rapped gently during 
the time of drawing it up, by striking with a light hammer on a 
block of wood held upon the top of the pattern ; tliis was found 
quite sufficient for the purpose, and it was a very rare occurrence 
that any injury of the mould was caused by the sand adhering to the 
pattern, and he did not think that any other provision was required 
for the purpose. He had anticipated that some difficulty might 
occur in this respect, but was surprised to find the clearness with 
which the pattern drew from the sand ; the pattern being made 
very true and smooth by the cutter from the rapidity of its revolu- 
tion, and then polished with varnish, it parted readily from the 
sand. The patterns were all made of bay- wood very well seasoned, 
and being only small were not exposed to injury like ordinary 
patterns ; the same pattern he expected would serve for moulding 
many wheels before even requiring re-varnishing. 

Mr. Ramsbottom said he had seen the machine in operation, 
and there appeared to be no difficulty in drawing the pattern 
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without injury of the mould, on account of the teeth heing 
perfectly parallel and vertical. This correctness arose from the cir- 
cumstance, that the pattern was cut in the same position in which 
it was moulded, and by means of the same sliding movement that 
was afterwards made use of to draw it out of the sand ; and conse- 
quently the motion must be absolutely parallel to the face of the 
pattern ; any inclined position of the slide would cause the pattern 
to be cut and also drawn from the sand at exactly the same inclina- 
tion. The action of the machine was certainly very perfect and 
satisfactory, and it appeared to be very successful in its operation. 

Mr. Hawkes inquired what sand was used for moulding the cog 
wheels, and whether it was found necessary to employ any superior 
quality to insure the teeth being cleanly moulded. 

Mr. Jackson replied, that road sand was principally used for 
heavy castings ; the ordinary red sand of the district would not 
stand the heat sufficiently by itself, except for light castings. Boad 
sand was very generally used in the neighbourhood of Manchester 
for foundry work, mixed with the other sand in different proportions 
according to the description of the castings, and was found to be 
well suited for the purpose. 

The Chairman observed that the road-sand or road-sWeepings 
in the neighbourhood of Manchester was obtained in great quantities, 
and was very uniform and clean in quality. The very best of this 
sand for foundry purposes was obtained in a particular district, 
extending between Rochdale and Halifax, where the sandstone grit 
was pulverized very fine by the constant action of the cart-wheel 
traffic ; this sand was used very extensively for lining the cupolas, as 
it resisted an intense heat without fluxing. 

Mr. Eamsbottom remarked that the very open nature of the 
grit-sand probably accounted for the advantage experienced in using 
it for moulding, as it would afford greater facility for the escape of 
air in heavy castings than the ordinary moulding sand alone. 

The Chairman said the machine appeared to be a very ingenious 
and successful improvement in the process of moulding cog-wheels, 
and of great practical importance ; he proposed a vote of thanks 
to Mr. Jackson for his communication, which was passed. 
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The following Paper, by Mr. John Fkrnie, of Derby, was then 
read : — 



ON AN IMPROVED TUYERE FOR SMITHS' HEARTHS. 

The subject of an improved construction of Water Tuyere, 
invented by Mr. John Lee, was brought before the last Meeting of 
the Institution, and the writer of the present paper, as the successor 
to Mr. Lee, at the Britannia Foundry. Derby, where the first trials 
were made, has the pleasure of adding some further particulars of 
the invention, which appears to have been original on the part of 
Mr. Lee, though also independently invented by some other parties. 

His first design was a hollow cast-iron tuyere, shown in Fig. 1 , 
Plate 13, and similar to those ordinarily made in wrought iron ; of 
these one or two still continue in use. There was some difficulty 
in getting the air out of the core ; and the next step to remedy this 
is shown in Fig. 2, where DD is the tuyere, and E a cover plate 
attached with bolts, a pasteboard joint being placed between, and 
the ascending and descending pipes are secured in this cover plate. 
This makes a very good tuyere, cheap, and easily replaced, and 
some of them have been in use three or four years, and do well. 

The next step in the invention was the tuyere described in the 
paper read at the last Meeting. 

The writer understands that a similar construction of tuyere was 
introduced by Mr. James Gait, into Messrs. Scott and Sinclair*s 
Works, at Greenock, in 1847, which appears to have been his own 
independent invention ; and from the satisfactory manner in which 
these have worked, Messrs. Neilson, of Hyde Park Foundry, and 
other engineering establishments of Glasgow, have adopted them. 

The method employed at the Britannia Foundry, in casting these 
tuyeres, is to cast first the inside piece FF, Fig. 3 ; a dry sand core 
is then made in the space of the GG pattern, and the inside piece is 
rammed up in the lower box ; the outside pattern being then put 
fairly on it, the mould is completed. The pattern being now with- 
drawn, the dry sand core is slipped on the inside piece, and the 
mould is then ready for casting ; the outside is thus shrunk upon 

H 
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the inside piece, and the latter being slightly ridged at the junction, 
they are rendered perfectly tight, and are seldom or never found to 
leak. They also stand the fire well, and the moulding being thus 
simplified, these tuyeres are made cheaply. 

Figs. 4, 5, and 6, Plate 14, show a double hearth having this 
tuyere combined with it, and of a class of which many have been 
made, and have been found to answer well. It is constructed 
entirely of cast-iron, and the advantages of cast-iron hearths over 
brick hearths are their portability, the comparatively little space 
they take up, which is further economised by the plan of bent 
tuyere shown in the drawings ; also their compact form, which 
allows the shop foreman to overlook at once all the men in the 
shop. These hearths are also cheaper than brick ones, and the 
depth being less, the tuyeres are shorter. 



Mr. Ramsbottom inquired whether any practical diflBculty had 
been experienced from leakage at the nozzle of the tuyeres ? as the 
two portions were not united, but only cast one upon the other. 

Mr. Fernie said he had not found any leakage to take place ; a 
large number had been made upon the plan as shown in the draw- 
ings, and they had proved quite satisfactory. At the last meeting 
another plan of construction had been shown, with a turned cone 
joint at the nozzle, but he had not found any occasion for such a 
joint ; the plan of casting the outer portion upon the inner one, he 
had found to make a practically tight joint by the contraction in 
cooling, and it was a cheaper mode of construction. 

The Chairman asked how long the tuyeres had been at work, 
upon the make shown in the drawings ? 

Mr. Fernie replied that a large number had been in use upon 
that plan for five or six years, and most of them had been in con- 
stant work all the time without requiring repair. 

The Chairman then proposed a vote of thanks to Mr. Fernie for 
his communication, which was passed. 
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The following Paper, by Mr. Edward E. Allen, of London, was 
then read : — 

ON THE COMMERCIAL ECONOMY OF WORKING STEAM 
EXPANSIVELY IN MARINE ENGINES, WITH DESCRIP- 
TION OF A NEW DOUBLE EXPANSIVE MARINE 
ENGINE. 

It is proposed in the present paper to consider the practical or 
commercial advantages of working Steam expansively in the Marine 
Engine, as distinguished from the theoretical advantages, which latter 
are better understood, and more generally admitted. 

It has been established theoretically, that considerable economy is 
obtainable by working steam expansively. Thus — if steam be allowed 
to occupy or expand into twice the space it originally occupied, the power 
developed would be as 1-7 to 1, and according to the following table : — 



Spaces occu- 
pied by steam 
Power developed 


1 
1 


2 
1-7 


3 
•21 


4 

2-4 


5 
2-6 


6 
2-8 


7 
3-0 


. 8 
31 


9 
3-2 


10 
3-3 



The same volume of steam being used in all cases, and allowed to 
occupy the increased spaces during expansion. 

Notwithstanding that this has been long known, it has only been 
comparatively recently, that practical benefit has been derived to any 
considerable extent from working steam expansively, and even at the 
present day the principle is but imperfectly recognised, or at least is 
very inadequately carried out in practice. 

The attention of the Institution has been called, on several occasions, 
to the advantages of working steam expansively, both in .lEngines em- 
ployed in Manufactories, and in Mining Works, and also in Locomo- 
tives ; and the papers of Mr. Fairbairn, Mr. Samuel, and Mr. Clark, 
have taken up the subject in reference to those particular cases. 

The object of the present paper is confined to the advantages of 
working steam expansively in Marine Engines, and to endeavour to 
arrive at the causes which have hitherto prevented the principle from 
being as successfully carried out and as productive of economy as in the 
case of pumping or other Stationary Engines. 



60 BXPANSION IN MARINE ENGINES. 

It would almost seem that the apparent necessity of making the 
engines of Steam Vessels occupy the least possible space, actually 
prevented, for a very long time, any attempt whatever being made to 
economize fuel ; everything being overlooked or considered unimpor- 
tant, when compared to the supposed advantage of having the engine 
space as small as possible. 

It was very natural that the first step in the economizing of fuel, 
by working steam expansively, should be taken in places where the 
spaces which the engines occupied could be almost indefinitely increased ; 
and we find, consequently, that the system of working expansively, made 
very great progress, and may almost be said to have been perfected in 
Pumping and Winding Engines, before its value was at all recognized 
in other cases. Pumping engines had been worked on the expansive 
principle for some time, before any attempt was made to carry it out 
in engines employed in the Manufacturing districts, this being chiefly 
owing to the cheapness of coal, and the consequent disregard of economy, 
and also to the circumstance of a more uniform motion being required. 

It will be seen that in the case of engines of manufactories, the 
ground space was but little more limited than in the case of pumping 
engines, and probably quite as little limited in respect to vertical height. 
The boiler-room in these cases was also almost unlimited, as also was 
the weight of the machinery, and it was not until the principle of ex- 
pansion was considered with reference to Marine Engines and Loco- 
motives, that the objections to increased bulk and weight of the 
machinery became, or appeared to become, so important, as to prevent 
its being Q^rried into practice. 

One very important matter appears to have been overlooked in con- 
sidering the weight of the Maiine engine, and that is, that it is not 
simply the weight of the Machinery that has to be considered, but the 
joint weight of the machinery and fuel. It is true that in the case of 
the first steam-boats, the weight of the fuel carried did not form so impor- 
tant an item as at the present time ; yet as compared to that of the 
engine and boiler, it was, and always must be, considerable in every 
steam vessel. In river boats it may be taken roughly at about one 
quarter the entire weight of engines, boilers, and water, equal to about 
•2i days' consumption, this being the least proportion. 
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The following Table gives the weight of coals usually taken by 
steamers, according to the length of voyage, Ac. : — 

TABLE I. 
Proportion of Weight of Coeds to Weight of Machinery. 



Class. 


Service. 


station, or 
Employment. 


Number of Days* 
Consumption. 


Proportion of 

Weight of Coals to 

Weight of Ma. 

ehinery. 


1 


River 


Thames and Clyde 
General Steam 
Navigation Com- 
pany ,Collier8,&c. , 


^ 

10 




2 


Coasting and Con- 
tinental 


ith. 
Equal 


3 


Ocean, Short voyages 


America and Go- 
vernment 


15 


1 J times. 


4 


Ocean, Long voyages 
Ocean, proposed x 


Australia 


40* 


4 times. 


5 


voyage out and 
home ^ 


India, &C 


70 


7 times. 



It will thus be^ seen that, except in River Steamers, any saving in - 
the quantity of fuel must be of vital importance, and the more so, in 
proportion to the length of voyage. 

In the large steamer now constructing for the Eastern Steam Navi- 
gation Company, the quantity of Coals taken is proposed to be seven 
times the gross weight of Machinery, so that any small per-centage of 
saving would really amount to a considerable quantity. 

On one occasion the "Croesus" took nearly 1400 tons of coals, being 
about in the proportion of 7 to 1 to weight of Machinery. This quantity 
was intended to work her outward and part of her homeward voyage. 

It will be found that, as a general rule, Marine Engines are only 
using their steam expansively to a very small extent, the steam usually 
being cut ofiPat 3-4ths of the stroke, thus economising in the ratio of. 
i -3 to 1 only, or say practically equal to a saving of 20 per cent, on the 
coali^onsumed if no expansion were allowed to take place. 

This amount of expansion is given by the slide alone having suffi- 



• steamers taking coal equal to only four times the weight of machinery, are obliged to 
coal on the way out and home. 
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cient lap on the steam side. It is now usual however to fit expansion 
valves to the Goverament engines, as well as to many in the Merchant 
service, for the purpose of working expansively when short of coal, or 
when the vessels are^ running with a fair wind; but these appliances 
are never designed for continual working. The " link motion" is also 
used in marine engines for occasional expansive working. 

From a pamphlet recently published by Capt. J. C. Hoseason, 
lately commanding the *' Inflexible," it appears that so far back as 1842 
the attention of the Admiralty was called to the subject now in hand, 
viz. : — the economy of expanding steam. But at that time the principal 
diflBculty in using steam expansively was doubtless the low pressure at 
which the boilers were worked, being only about 6 lbs. per square inch. 

It appears however that in 184*4 the pressure in the boilers of the 
** Inflexible" was raised from 6 to 8 lbs. by Capt. Hoseason 's desire, 
and the pressure in the *' Terrible" was fixed at 10 lbs. 

In 1 849 the Indian Government obtained a paper on the expansive 
action of steam from Messrs. Maudslay, Sons, and Field, and from the 
extracts given in Capt. Hoseason's pamphlet, it would appear that the 
case was fairly made out. 

To prove the extent to which the weight of the machinery could be 
increased without increasing the gross weight carried, the following 
example is given. 

" Suppose a vessel with 400 horse-power engines working up to their 
full power ; the consumption would be 30 tons per day, and she would 
carry 760 tons of coal, which would be 25 days' consumption. 
The 400 Horse engines would weigh . 300 tons. 

Coal . 750 ,. 



Total weight 1050 



" Suppose the same vessel with 600 Horse engines, but only working 
up to 400 Horse-power, the consumption would then be 22 J tons per day, 
and she would carry 600 tons of coal, which is 26J- days* consumption. 
The 600 Horse engines would weigh . 450 tons. 

Coal . 600 „ 

Total weight 1050 „ 
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•* Thus, with the larger engines, the vessel will carry I J- days' more 
coal than with the smaller engines, and would save during 26 days the 
value of 150 tons of coal." 

These facts having been pointed out so forcibly six years ago, it 
appears strange that the principles upon which they were founded 
should not have been carried out more fully than they have been. 
Comparatively, however, nothing has been done, although with respect 
to the Australian Vessels, the necessity of economising has increased 
three-fold, from the quantity of coal required to be carried being just 
about three times that taken by the Government vessels, viz., about 
4 times the weight of machinery, instead of IJ times. It will be seen 
that as the necessity for economy increases, so does the facility or means 
of producing it increase, from the great proportionate weight of coal 
upon which a reduction can be made, in order to compensate for any 
increase in the weight of machinery. 

In such cases as the Australian Vessels, where the weight of coals 
carried amounts to 4 times the weight of machinery, a saving of 25 per 
cent, of the coals would allow of the weight of the machinery being 
doubled, without the gross weight being increased. 

Take for example Engines of 400 Horse-power, weighing 300 tons, 
and the coals carried, 1200 tons, making a total of 1500 tons. If the 
coals by more economical working can be reduced to 900 tons, then 
the engines may be allowed to weigh 600 tons, and the gross weight to 
be earned will only be the same, the coal saved being equal to 300 tons. 
Extending Messrs. Maudslay's example, it will be seen by the following 
Table 11. to what extent the weight of the machinery could be increased 
without adding to the gross weight, in the case of the coals carried being 
equal to 4 times the weight of machinery, the power worked up to being 
the same. 
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TABLE 11. 

Showing the increased weight of Machinery caused by increasing the 
nominal horse-power or size of the engines^ and also the necessary 
reduction in the quantity of coals taken, so that the gross weight may 
remain the same. 



Power 
Worked to 


Nominal 
Horse-power. 


Weight of 
Machinery. 


Weight of 
Coals. 


Total weight 
carried. 


C!onsnmption 
per day. 


Numher of 

days* 

Consumption. 


H.P. 


H.P. 


Tons. 


Tons. 


Tons. 


Tons. 


Days. 


Full. 


400 


300 


1200 


1500 


30 


40 


400 


600 


450 


1050 


.1500 


22J 


45 


400 


800 


600 


900 


1500 


20 


45 


400 


1000 


750 


750 


3500 


19 


40 


400 


1200 


900 


600 


1500 


18 


35 



From this it seems that an increase in the weight of machinery to 2^ 
times, still admits of coals sufficient to work for as many days, and 
saves 450 tons of coal. 

The object of the present paper is somewhat different from that 
aimed at in the pamphlet referred to, although nearly the same con- 
siderations are involved. It was then desired to show that both the 
power and weight of the engines could be increased without increasing 
the gross weights carried, the increased power being only occasionally 
used — this being a most important point for War Steamers, and others, 
when working against the hurricanes in the Indian seas, &c. This 
advisable increase of power, however, involving a corresponding increase 
in the first cost of engines, though attended with counterbalancing 
advantages. 



It is proposed now to show how the engines alone may he increased 
in size for expansive working, and consequently slightly increased in 
weight, not only without increasing the gross weight carried, but how it 
can be done so as very materially to lessen the gross weights carried, that 
is in coal and machinery, leaving greater stowage for cargo. 

It is presumed that the power placed in vessels is now sufficient 
(whether it is so or not does not affect the present question), and there- 
fore in the examples given, no provision is made for the engine power 
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being even temporarily increased, although this would probably, in 
many cases, be a great desideratum. Neither are the Boilers supposed 
to be increased, either in number or size ; but to avoid complicating 
the deductions they are supposed to remain the same, especially since 
at present marine boilers Are too much overworked to last any length 
of time, and an increase of boiler room relative to the power would be 
desirable. Strictly considered, however, the weight of the boilers 
would be diminished in about the proportion of the diminution of coal 
consumed. 

Taking the five classes of steamers given in the preceding Table I., 
which shows the weight of coals usually taken in the several cases, it 
will nov^r be necessary to give the spaces occupied by them in proportion 
to that occupied by the Engines, exclusive of the boilers and passages. 
The following Table, III., shows the floor or horizontal space occupied 
by the Coal-bunkers in the five classes of steamers. 
The Engines, Boilers, and Water are supposed at 13 cwt. per HP. * 

The space occupied by Coals is taken at 45 cub. ft, per ton. 

The floor space occupied by Engines alone is taken at } sq. ft per HP. f 



TABLE III. 
Proportion of space occupied by Coeds to that occupied by Engines alone. 



Clasc. 



station or Service. 



Weight of Coals, 

in termn of 

weight of Ma- 

chinery. 



Depth of Ckmls 

in each Class of 

Vessel, 

approximate. 



Horizontal or 
floor spuce occU' 

pied by Coals, 
in proportion to 

Engines alone, 



River. 

Coasting and Continental. 

Ocean Short Voyages, and 
Government. 

Ocean Long Voyages. 

Ocean Proposed Voyage out 
and Home. 



1.4th. 
Equal. 

1| times. 

4 times. 

7 times. 



9 feet. 
12 feet. 

20 feet. 

25 feet. 

60 feet 



Equal. 
3 times. 

3 times. 

5 times. 

5 times. 



It will be seen from the above table, tbat in the case of Government 
vessels, wbere tbe weigbt of coals is usually equal to 1 J times tbe gross 
weight of machinery, the horizontal space occupied by the coal may be 
taken at 3 times the space taken up by the Engines themselves 

• See Table IV. + See Table VIL 

I 
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(that is, exclusive of boilers and passages), or about equal to the total 
machinery space, if the boilers and passages be included. This is 
further explained by Table VI., which gives the examples from which 
these data are obtained. 

In the example quoted above from Messrs. Maudslay, where the 
coal weighed 2} times the machinery, instead of 1 J times which is the 
quantity more generally taken, the horizontal or floor space occupied 
would be 5 times that occupied by the engines alone, instead of 3 
times as given above. So that supposing the passages left the same, 
the 400 horse-power engines could be replaced by engines of 600 
horsepower, and the saving of space required for coal would balance 
the increased space occupied by the engines, consequently leaving the 
total weights carried the same, and the total space occupied by 
machinery and coal (taken together) the same, with the 600 horse-power 
engines, as vdth the 400 horse-power. 

The fbllowing Table IV., is given for the purpose of showing the 
relative weights of the different parts of the machinery in steam vessels, 
and is taken from two tenders supplied to the Government few paddle- 
wheel engines of 260 horse-power, and screw engines of 450 horse- 
power; the Table shows also the average of 18 estimates sent to 
Government by different engine-makers, giving the separate weights of 
the various parts of the machinery (as the engines, boilers, water, 
wheels or screws, Ac.) 



TABLE IV. 



Parts. 


Paddle Engines, 
260 horse-power. 


Screw Engines, 
450 iiorse-power. 


Paddle Enginee. 
Average of 18 

Estimates, 
458 horse-power. 


Graeral ayerage 

per 

hoTse-power. 


Engines 

Boilers and fittings 

Water 

Coal-bunkers.. .. 

Wheels 

Spare Gear . . . . 


80 tons. 
46 „ 
30 „ 
10 „ 
13 „ 
12 „ 


127 tons. 
56 „ 
45 „ 
15 „ 
30 „ 
18 „ 


127 tons. 
63 „ 
42*,, 
15i„ 
28i„ 
16J„ 


6-70 cwt. 
2-95 „ 
190 „ 

•70 „ 
1-20 „ 

•75 „ 


Total 


190 tons. 


290 tons. 


293 tons. 


33-20 cwt. 



It will be sufficiently near for the present purpose, therefore, to 
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consider the relatite weights of the different parts of marine engines 
to be as follows, viz. : — 



Engines 

Boilers and fittings 

Water 

Wheels or screw 

Spare gear ... 



5^ cwt. per nominal horse-power. 
8 cwt 



2 cwt. 

1 cwt. „ 

} cwt. 

Coal -bunkers (containing about) s ^ * 

15 cwt. per horse-power.) ) * * *' 

Total 13 cwt. per nominal horse-power. 

The practical applications which are made of these particulars in 
the calculations contained in this paper are, first, that the weight of 
marine machinery may be fairly assumed at 13 cwt. per nominal horse- 
power ; and secondly, that the weight of the engines and spare gear 
together may be taken at one half of the gross weight of machinery. 
This consideration is of much importance, as it is the engines alone that 
are snpposed to be increased in size and weight, to admit of greater 
expansion of the steam ; the boilers and wheels or screw being sup- 
posed to remain the same, as has been before stated. 

Table V. gives the total space occupied by the Machinery and Coals 
relatively to the entire hulls, and includes the averages of six vessels 
with side-lever engines, and six vessels with direct-acting engines, all 
belonging to the Peninsular and Oriental Steam Navigation Company ; 
also the average of 1200 English Merchant vessels. 

TABLE V. 



Averaere 
Registered 
Tonnage. 


Average 

Tonnage of 

Engine-room. 


Average 
Total Tonnage. 


Average 
Horse-power. 


Per-centage of 
Engine Room to 
total tonnage. 


Averaire 
total Tonnage, 

per 
Horse-power. 


Average of 6 Side-lever Engines, P. and 0. 8. N. Ck). 


1166 


913 


2069 


636 


44 per cent. 


3-26 


Average of 6 Direct-acting Engines, P. and 0. 8. N. Ck>. 


1669 864 


2613 


794 


34 per cent. 


3-16 


Average of 1200 English Merchant Steamers. 


138 


108 


246 


83 


44 per cent. 


2-96 
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From Table Y. it appears that from 84 to 44 per cent of the 
whols capacity of the Vessels is occupied bj the Engine-room and 
Coaly. The Table also gives the most general proportion of power to 
tonnage as one horsepower to every three tons. 

Tables YI. and YII. give the particulars of several steamers, with 
both screw and paddle-wheel engines, from which the comparative 
spaces occupied by the Coals and Machinery will be seen. 

From these Tables several important particulars may be deduced : — 

Ist. — That in Government Vessels the general proportion of coal 
taken is 1 ton per nominal horse-power, equal to about 1^ times the 
gross weight of machinery, as before given. 

2ndly. — That the horizontal space occupied by the entire engine- 
room, when this proportion of coal is taken, is about 4 to 4^ square feet 
per nominal horse-power. 

8rdly. — That the space occupied by the coal-bunkers, carrying this 
proportion of fuel, may be taken at 2 or 2^ square feet per horse-power, 
or about 3 times the space occupied by the engines alone, exclusive of 
boilers, passages, &c. 

4thly. — That the space occupied by the engines alone, exclusive of 
boilers, coal-bunkers, and passages, may be taken at f square feet per 
nominal horse-power, that is, where the engines are direct-acting. 

From an average of the 1 8 estimates furnished to Government by 
different makers, and from some other cases, it appears, that the space 
occupied by the boilers alone may be taken at about 1 square foot per 
nominal horse-power, and that the total price of JS4d per horse-power for 
the machinery may be thus divided : — 

£ 8. d. 

Engines, boilers, and coal-bunkers 38 per horse power. 

Wheels 2 10 „ „ 

Spare gear 2 10 „ „ „ 

Total ... £43 „ „ 

The amount for engines, &c., may be divided nearly as follows : — 

£ s. d. 

Engines 24 per horse-power. 

Boilers 12 „ 

Coal-bunkers 2 0,, „ „ 

Total . . Je38 „ „ 
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These proportions will be quite near enough for the purpose required, 
and the jelation thej bear to each other will not be much in6uenced by 
the present increased prices. ^ 

It will therefore be assumed that the cost of the engines alone is 
about one half the entire cost of machinery. 

Tt will be requisite further to consider the average annual expense 
of the coal used by steam vessels, and its proportion to the cost of the 
vessels or capital ; this depending partly upon the class of vessel, and 
partly upon the service upon which she is engaged. 

Table VIII. gives an approximation to the yearly cost of coal used 
by 5 classes of vessels, witfi the relation it bears to their cost. 

These comparisons will be found useful when the advantages of 
increasing the size of the engines are considered. 

The cost of coal in London is taken at 16s. per ton. 
The cost of coal in Liverpool is taken at 1 2s. per ton. 
The cost of coal for Australian vessels at an average of 60s per ton. 
The cost of coal for Eastern Steam Navigation Company at 1 2s. per ton. 
The price of coal is sometimes above these amounts, but they are 
near enough to illustrate the argument intended. 

For better comparison, it will be desirable to condense the results, 
and this Table gives us the cost of Engines alone (assumed at half the 
total cost of Machinery) in 

Classes 3, 4, and 5, at 16 per cent, of thp capital ; 
Class 2, . . • at 20 per cent, of the capital ; 
Class 1, ... at 30 per cent, of the capital. 
Also the yearly cost of Coal in 

Classes 2, 3, and 5, at say 6 per cent, of the capital ; 
Class 1 , . . . at say 1 5 per cent, of the capital ; 
Class 4, ... at say 25 per cent, of the capital. 
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In farther illustration of this part of the subject, the subjoined 
accounts are added. 

The following account, in Table IX., is given by the West India 
Mail Steam Packet Company, showing the relative cost of Coal, 
Wages, Ac, for 1860 and 1852; the amounts being the mileage 
expenses : — 

TABLE IX. 
West India Mail Co,, Mileage Expenses. 





1850. 


1853. 


Per Mile 
Bon. 


Fer-Centagei 
ofTotaL 


FerMUe 
Bon. 


Per-Cratagei 
of Total. 


Coals 

Wages .... 
VictualliDg . . . 
Stores .... 
Qesenl Service . 
Port Charges . . 
Insurance . . . 
Bepairs .... 


•. d. 
3 10 
2 1 
1 6 

8 

1 3 

3 

1 8 

2 


8007 

30-34 

1111 

5-23 

^ 9-80 

1-96 

980 

15-69 


8. d. 
5 4 
1 10 
1 6 

8 

1 6 

4 

1 7 

2 5 


35-55 

1222 

9-45 

4-45 

946 

2-22 

10-65 

1611 


Total . . . 


18 9 


100-00 


15 


10000 



This gives the cost of Coals in 1850, equal to 30 per cent, of the 
total working cost, and in 1862, equal to 35^ per cent. 

Table X. gives the total actual expenses of Coals, Wages, &c., of 
the same Company, for the year 1850, and the per-centages of these 
items, on the total cost of Vessels. 

This Table gives the cost of Coals in 1860 equal to 28 per cent, of 
the working expenses, and nearly 13 per cent, of the total cost of 
vessels, and the whole working expenses at 45^ per cent, of the cost of 



If the mileage working expenses for 1 850 be taken to amount to 45^ 
per cent, of the capital, then in 1852 the same expenses would be 58^ 
per cent., and from the respective ratios of the cost of coals to the total 
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working expenses fbr those years we have 13*74 per eeut., mi 1902 
per cent, as the cost of coals on the capital ; conseqaeatly 15 per oeat. 
maj be &irlj taken as a mean. 

TABLE X. 
West India Mail Steam Packet Company, 



Working 
Expenses 
in 18^. 



Per4>ntage 

of 

TotaL 



PiNCentage 

on Cost of 

VHmIs. 



Coals, Freight,^ all Charges 

Wages 

Provisions 

Stores 

Port Charges and Pilotage 
General Service and Stations 

Coal Sacks 

Office and Law • . . 

Salaries 

Insurance 

Bepairs, Ship, & Machinery 



£ 8. d. 
88,436 7 
44,858 18 10 
68,863 9 7 
15,387 8 

6,745 
13,170 10 

1,027 9 

1,713 1 8 
11,780 17 
25,000 
41,065 8 10 



2 




28-17 

14-20 

20-34 

400 

2-15 

4-20 

•62 

•55 

3-74 

7-06 

1308 



Total 313,896 19 



100-00 



12j 

H 
1 

2 



1! 

6 



45} 
percent. 



For easy reference the following Table XT., is given :- 
TABLE XI. 



Whentte 

Annual Cost of Coal en cafatal 
amounts respectively to 



Then 10 per cent, saving in Goal > 
equals j 
»♦ 20 „ ,, „ „ 

» 30 „ „ „ „ 

fl «" M H f> tf 



5 pw cent. 



} per cent on 

capital. 
1 

2 



15 per aeot, 



1} per cent on 

capital. 
8 

6 



f^ p^ cent. 



2} per cent, on 
capital. 



As the least of these savings, in the middle column, frequently makes 
all the difference between a good and bad paying concern, it is quite 
certain that upon the expenses of the single item of coal maj frequently 
hang the very existence of a Company. 
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It wUl be 86^ from the flifegoing accoants, that there is little room 
for ecoBomizing the expenditure upon anj other item, to anything like 
the extent possible in the item of coals alone, as the largest amount 
next that for coals, according to the mileage expenses, is for wages or 
repairs, each of these amounting to only about half the cost of the 
coals. 

The following Tables XII,, XIII., XIY., hsTe been compiled in 
order to show the increased dividend on original capital which may be 
made by a saving in coal, owing to expansive working of the steam, the 
size or nominal horse-power of the engines being supposed to be increased 
from 1 to H, 2, iHr and 8 times respectively, the extra cost of larger 
engines being proportionately allowed for, and the boilers and wheels or 
screw supposed to remain the tame. The indicated or real horsepower is 
dso supposed to remain the same, the larger engines being solely for 
the purpose of working the steam expansively. 

The first Table XII. is based on the supposition that the annual cost 
(tf coak is equal to 5 per cent on the capital, and nearly agrees with 
the classes of vessels numbered 2, 3, and 5 in the former Table VIII. 

This proportionate cost of coals is here applied to cases in which the 
oest of the engine-power, (exclusive of boilers, wheels or screw,) is 
equal to 15 per cent of the capital, say as in Classes 3 and 5, and also to 
oases in which the cost of the engine-power is 20 per cent of the capital, 
as in Class 2« Column A gives the proportionate size or nominal 
horse-power of engines ; column B the proportionate quantity of coal 
required to develope an equal amount of power (in each case) ; column 
C the proportionate cost of coal in per-centage of capital ; column D 
the proportionate saving in cost of coal in per-centage of capital, from 
which it appears that if the size of the Engines be doubled, the saving 
is 1*45 per cent, on the capital, and if the size of the Engines be in- 
ereased to 3 times, the saving is 2*15 per cent, on the capital. From 
this saving on the item of coal, however, must be deducted the interest 
on the extra cost of larger engines, and this deduction will vary accord- 
ing to the proportionate expenses of the engines to the capital. Columns 
£, F, G apply to the case in which the cost of the Engines alone 
(exclusive of boilers, wheels or screw) amounts to 16 per cent of 
capital, (as itf American vessels, and the Eastern Steam Navigation 
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Company ;] and columns H, I, J to the case in which the cost of 
Engines alone amounts to 20 per cent, of capital, as in Continental 
Steamers, Ac. ; columns E and H give the necessary per-centage of 
increase of capital ; columns F and I the permanent charge on 
capital, being 5 per cent, allowed on the necessary addition made to 
it ; and columns G and J the gross gain in per-centage of capital, 
after deducting the interest on extra cost of Engines from the total 
gain or saving in coal. These results show that if the size of the 
Engines be doubled an additional 070 or 0-46 percent, may be paid 
on capital, and that upon the Engines being increased to 3 times 
the size, an additional 0-66 or 015 per cent, may be paid on capital, 
according as the cost of the engine-power amounts to 15 per cent, 
or 20 per cent, of the capital respectively. 

The second Table, XIII., is constructed in the same manner as the 
first, the annual cost of Goals being taken at 1 5 per cent, of the capital, 
which, as before-mentioned, applies to the class of vessels marked 1 , and 
the West India Mail boats. This annual cost of Coals is applied to the 
cases in which the cost of engines, (exclusive of boilers, wheels, or 
screw,) amounts to 20 per cent, of the capital, and also to the cases in 
which the cost of engines alone amounts to 30 per cent, of the capital ; 
the general results are, that if the engines be increased to double the 
size, for the sake of expansive working, the saving of coal would be 4-35 
per cent, of capital, and if the engines be increased to 3 times the size, 
the saving in coal would be 6*45 per cent, of capital. These amounts 
are reduced by the extra cost of engines respectively to 3 35 per cent., 
and 2 85 per cent, of capital, and to 4*45 per cent,, and 345 per cent, 
of capital, according as the cost of engine-power amounts to 20 per cent, 
or 30 per cent, of capital. 
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TABLE XIV, 
Table skawing the Increased Dividend by m saving in Coal from 
Expansive Working, the extra Cost of Tja/rger Engines being taken 
ifito aeeount {Boilers, Wheels or Screw, and indicated House-power, 
being supposed to remain the same). 



£■§> 

1 £w 


III 


ANNUAL COST OF COALS TAKEN AT 25 FEB CENT, OF CAPITAL. 


Co0t of Coal 

in 

per-centage 

of original 

Capital. 


Saving in 
Cott of Coal 

in 
per-centage 
of original 

Capital. 


Coit of Engines altme (excaaqi^ of Boilers, 

Screw, &c.}, eqnal to 15 per cent, of Capital. 

(as in Australian Vessels, Class 4.) 


Inortasing the 

Nominal Horse 

Power adds to 

Capital Invested 


Permanent 
Charge on Capi. 
tal, being 5 per 
cent, on addition 


Gross gain on 

Capital, deducu 

ing the' amounts 

in F from D. 






For oeat. 


Peroent. 


Fer eent. 


Fer eent. 


Percent. 


I 


voo 


2^-00 


., 


, , 


, 


, , 


u 


•81 


20-25 


4-75 


7-60 


•37 


4-38 


2 


•71 


17 76 


7-25 


15-00 


•76 


6-50 


2* 


'68 


15-76 


9*25 


22-50 


1-12 


8-13 


8 


•fi» 


14-26 


1076 


80-00 


1^60 


9-26 


A 


B 


C 


D 


£ 


F 






The third Table, XIV., is constructed in the same manner as the 
tw6 former ones, the annual cost of Goals being taken at 25 per cent, of 
th%oepital, which, as sliown before, applies to the Australian vessels, er 
class 4, where the cost of engines alone, (exclusive of boilers, wheels, or 
screw,) k equal to about 15 per cent of capital. The results are, that 
if the size of the engines be doubled for expansive working, the saving of 
Coal would amount to 7'2{^ per cent, of capital, and if increased to 3 times 
ibe aize, the saving of Coal would amouot to 10*75 per eent. of capital. 
Theee amounts are reduced by the extra cost of engines to 6*60 per 
cent and 0-25 per cent, of capital. 



It is evid^t that the dearer the coal is, or the larger the quantity 
consumed in prc^rtion to the actual power developed, the more ad- 
vantageous would be the saving effected by expansive working, as the 
per-ceutage of saving in coal would the sooner cover any extra co^t of 
engines ; and the foregoing tables clearly diow that if the size of th^ 
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engines be increased to three times for expansive working, and their 
cost be consequently doubled, there yet remains a gain under the worst 
circumstances, of '15 per cent, on capital, and under favourable cir- 
cumstances, such as those presented by the Australian vessels, of 9^ 
per cent, on capital.* 

It is proposed now to consider the effect of increasing the size of 
the Engines for expansive working, as regards the total weights carried ; 
and the following Table XV., gives the relative increase of weight re- 
sulting from an ordinary engine being increased in size from I to 1 J, 
2, 2j^, and d times ; also the proportionate quantity of coal consumed 
in a given time ; the saving in weight of coal balancing the increase in 
weight of engines, where the proportion of coal is large. The two 
last columns give the ratios of time, and the proportionate number of 
days the coal would last in the respective casoEl, if the gross weights 
carried were kept the same. 

The general results may be jgivon as follows ; — ^that when the 
size of the Engines is doubled, the gross weights of machinery and 
coal together are 

InereaM. 

Increased in Class 1, from 1*25 to 1*68 equal to 34 percent, 
in Class 2, from 200 to 2-21 equal to lOJ 
in Class 3, from 2-60 to 266 equal to 2^ „ 

and are Decrease. 

Decreased in Class 4, from 5 00 to 4*34 equal to 13 percent 
„ in Class 5, from 8 00 to 6'47 equal to 19 „ 

Also when the size of the Engines is increased to 3 times, the gross 
weights of machinery and coal together are increaae. 

Increased in Class 1, from 1*25 to 214 equal to 71 percent. 
„ in Class 2, from 2-00 to 2 57 equal to 28^ 

in Class 3, from 2 50 to 2 85 equal to 14 „ 

and are Decrease. 

Decreased in Class 4, from 500 to 428 equal to 14 percent. 
„ in Class 5, from 800 to 599 equal to 25 „ 

* It has not been considered necessary to include more than the 5 classes of Tcssels in the 
foregoing Tables, although many other classes exist, in which the proportionate cost of coal and 
machinery vary from the amounts given. In order, however, to ascertain what advantages 
would be gained by the substitution of larger engines in any specific case, it will only be neces- 
sary to substitute the correct amounts in place of those given above. 
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TABLE XV. 

Table showing the proportionate Weights of Machinery and Coal, and 
Joint Weights of same, when the Size or nominal Horse-Power of 
Engines is varied, {indicated Horse-Power supposed the same in all 
cases respectively.) 



Clasi. 


Service, 


Ratios of 
Nominal 
Horse- 
"^ower. 


• Ratios of 
weight of 

machinery 
eorrespond'g 
to increase o1 
nominal h.p. 


RaUos of 
weightofcoa] 
correspond'^ 
to increase o; 

nominal 
horse- power 


Ratios of 

total 
weights. 


Ratios of 
time the coa 
would last i 

the total 
wts. be kept 

the same. 


Ratio 
Days. 

n 






1 


100 


•25 


1-25 


1 






IJ 


1-25 


•20 


r46 


— 




1 


River. 


2 


1-60 


•18 


1-68 


— 


— ' 






H 


1-76 


•16 


1-91 


— 


— 






3 


200 


•14 


il4 


— 


— 






1 


1-00 


IOC) 


2^00 


100 


10 






1| 


1-25 


•81 


206 


•92 


9 


2, 


Coasting and 
Continental. 


2 
2i 


1-50 
1-76 


•71 
•63 


2-21 
2-38 


•70 
•39 


7 
4 






3 


2-00 


•57 


2-67 


•00 









1 


1-00 


1-60 


2-50 


roo 


15 


3 


Ocean (Short 
voyages) and go- 
verament* 


It 
2 


1-26 
1-60 
1-75 


1-21 

106 

•94 


2-46 
2 56 
2-69 


103 
•04 

•80 


15* 

14 

12 






3 


2-00 


•85 


2-85 


•59 


9 




1 


100 


400 


600 


100 


40 


4 


Ocean (Long voy- 
ages) Australian. 


2 

H 


1-25 
1-50 
1-75 


3-24 
284 
2-55 


4-49 
4-34 
4-27 


115 
1-23 
129 


46 
49 
51i 






3 


200 


2'28 


4-28 


1-31 


52J 




Ocean (voyages 
out and home), 


1 


1-00 
1-25 


700 
6-67 


800 
6-92 


1-00 
119 


70 
83 


6 


Eastern Steam 


2 


1-50 


4-97 


6-47 


1-30 


91 




Navigation Com- 
pany. 


21 
3 


1-75 
2-00 


4-41 
3-99 


6-16 
5-99 


1-41 
1-50 


99 
105 



• The boilers, water, wheels or screw, are supposed the same, and the engines alone equal 
to half the gross weight of machinery. 
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The last colamns show that in the 4th Class, where the weight 
of coal carried is equal to 4 times the gross weight of machinery, 
if the size of the Engines be doubled, the same gross weight being 
taken, then the coals will last 9 days longer— equal to 22 per cent, 
increase, and if the size of the Engines be increased to 3 times, and 
the gross weight carried be kept the same — then the coal will last 
12J days longer— equal to 31 per cent, increase. 

Also in the 5th Class, where the weight of coal carried is 
equal to 7 times the gross weight of machinery, if the size of the 
Engines be doubled, the gross weight being kept the same, then the 
coal will last 21 days longer — equal to 30 per cent, increase ; and if 
the size of the Engines be increased to 3 times, and the gross weight 
carried be kept the same, then the coal will last 35 days longer 
— equal to 50 per cent, increase. 

The last part of the subject to be now considered, is the effect which 
the increase in the size of the Engines has upon the toted spaces occu- 
pied by machinery and coals together. Table XVI. gives the results, 
where the size increases from 1 to I J, 2, 2^, and 3 times, for the 
three divisions into which the 5 Classes of vessels, before spoken 
of, are reduced. 

In Class I the coals occupy a space equal to that occupied by the 
engines alone ; in Classes 2 and 3, three times ; and in Classes 4 
and h.five times the space occupied by the engines alone. 

The space above spoken of is horizontal space, taken at the 
greatest beam of the vessels. 

The general results are, that if the size of the Engines be doubled, 
then the total space occupied by Machinery and Coals taken together 
(the Coals lasting the same time in all cases)— ^ 
In Class 1, . increases from 4 00 to 4 21, equal to 6 percent. 
In Classes 2 and 3, decreases from 6 00 to 5 63, equal to 6 „ 
In Classes 4 and 5, decreases fro^i 8*00 to 705, equal to 12 „ 
Also, if the size of the Engines be increased 3 times, then the total 
space occupied by Machinery and Coals taken together — 
In Class 1, ' . increases from 400 to 4*57, equal to 14 percent. 
In Classes 2 and 3, decreases from 6 00 to 6-71, equal to 5 „ 
In Classes 4 and 5, decreases from 8*00 to 6-85, equal to 15 „ 
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TABLE XVI. 

Table showing the Relative Spaces occupied by Engines, Boilers, and 
PassageSy and Coals, separately and together; the size or nominal 
Horse-pouer increasing from 1 to, 3 ; tJie actual or indicated horse- 
power remaining the same. 









Ratios 


Spaces 










Ratios 


of Spaces 


occupied by 


Ratios 


Ratios 






of 8i7.e 


occupied by 


Boilers 


of Spaces 


of 


Class. 


Service. 


or nominal 


Engines 


and Pat«age8 


occupied br 


Total 






Horse 


alone. 


(Constant). 


Coals. 


Spaces. 






power. 


• 


• • 


• • • 








1 


1-00 


2 


1-00 


4-00 






1* 


1-25 


2 


•81 


4-06 


1 


BiYer^ 


2 


1-60 


2 


•71 


4-21 






2* 


1-75 


2 


•63 


4 38 






3 


200 


.2 


•57 


4^57 






1 


1-00 


2 


300 


600 


2 


Coasting and 


li 


^26 


2 


2-48 


6-68 


and 
3 


Continental 


2 


1-60 


2 


213 


6-63 


and Ocean 
(Short Voyages.) 


2J 


1-75 


2 


1-89 


5-64 




8 


200 


2 


1-71 


6-71 






1 


100 


2 


5-00 


8-00 


4 


Ocean (Long 


li 
2 


1-25 


2 


4-05 


7-80 


and 


Voyages) and 
Eastern Steam 


160 


2 


8-65 


7^05 




Navigation Co.'ti 


^ 

3 


1-76 


2 


815 


6-90 


5 


Vessels. 


2 00 


2 


2^85 


6-86 



Table XVII. shows how the cargo space is diminished or increased 
under the three suppositions, that the Machinery and Coal space is 
equal to the cargo space, or to two-thirds, or to one-half the cargo space ; 
these proportions embracing the ordinary limits. 

• The actual horizontal spiqe occnpied by Engines may be taken ffe&eraUy at 8/4 square 
foot per nominal horse-power. 

• * The actual space occnpied by Boilers may be taken at 1 square foot per nominal horse- 
power, and Passages at 1/2 square foot. 

• • • The space occupied by the Coals varies,— Class 1, 3/4 square foot ; Classes 2 and 3, 
24 square feet ; and Classes 4 and 5, 3| square feet per nominal horse-power. 

Ratios— Kugines, 1 ; Boilers and Passages, 2 ; Coals, 1, 3, and 5 respectively. 
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TABLE XVII. 

Tabls showing ths per-eenta^ of Ion or gain in Cargo Space, cmd 
the per-cenlage of Saving in quantity of Coals required, when 
the size or nominal horu-power of the Engines is increased, the 
indicated horse-potcer being the same. 



Ratios of 
Total Spaces 
occupied by 
Machinery 
and Coals 
'(from fore- 


The same 

Ratios, 

but showing 

theper- 

centa^ge of 

increase or 

decrease. 


Psa-C^MTAOKs in which the Cargo 
Sfack is aiminiahcd or Increased. 


Ratios 
of Coals 
eonsomed 
in the same 
time, and 
developing 
the same 
power. 


Per.4!entase 

of Coal 

saredby 

Expansive 

working. 


l»t. 

When the 

total 
Machinery 
and Coal 
space is e^tMsr 
to the toUl 
Cargo Space. 


2nd. 

When the 

total 
Haehfnery 
and Coal 
space is 2/3 
of the total 
Cargo Space. 


8rd. 

When the 

total 
Machinery 
and Coal 
space is 1/2 
of the total 
Cargo 8paoe. 


400 
4-06 
4-21 
4-38 
4-67 


100 

101| 

105 

109 

114 


diminishes 
percent. 

IJ 
6 
9 
14 


diminishes 

percent. 

1 

3i 
6 


diminishes 
percrat. 

7 


100 
81 
71 
63 
57 


percent. 

19 
29 
87 
43 


600 
5-68 
6-63 
6-64 
6-71 


100 
94 
94 
94 
95 


increases 

percent. 

6 

6 

6 

5 


increases 
percent. 

4 
4 
H 


increases 

percent. 

3 

3 

3 

2J 


100 
81 
71 
63 
67 


percent. 

19 
29 
37 
43 


800 
7-30 
705 
6-90 
6 85^ 


100 
91 

88 
86 
85 


increases 

percent. 

9 

12 

14 

15 


increases 

percent 

6 

8 

H 
10 


increases 
perc**nt. 

6 

7 

n 


100 
81 
71 
63 
57 


percent. 

19 
29 
37 
43 



If the engines be doubled in size, then 
In Class 1, the cargo space diminishes 5, ^ and 2} percent. 
In Classes 2 and 8, ,, ,, increases 6, 4 and 3 „ 
In Classes 4 and 5, ,, ,, increases 12^ 8 and 6 ^ 



EXPANSION IN MARINB ENGINES. * 85 

If the engines be increased in size 5 times, then 
In Class 1, the cargo space diminishes 14, 9^, and 7 percent. 
In Classes 2 and 3, „ „ increases 5, 3^, and ^^ „ 
In Classes 4 and 5, „ , „ increases 15, 10, and li „ 
The last column gives the per-centage of saving in coal. 

The effects of increasing the size or nominal horsepower of engines, 
for the purpose of working the steam more expansively have now been 
considered, in respect both to the increased first cost of machinery^ 
so far at least as the interest on the increased capital is concerned, the 
saving of coal in per centage of capital, the increase of weight of ma- 
chinery, and the saving in weight of coal, and also iu respect to the 
total spaces occupied by machinery and coal, as also the effect of the 
changes on the cargo space in per centage of the first supposed cargo 
space ; and it is considered that the results are such as are not generally 
known, and that merchants and ship-owners are wholly unaware of the 
advantages ot working steam expansively, even should they be compelled 
at the outset to pay double the amount now usually paid for engine 
power. 

It would appear certain that if no alternative existed but that of 
increasing, say the diameter of the cylinders of marine engines, and 
thus increasing the first cost in about the proportion of 1^ times for 
double the size, and 2 times for 3 times the size (the boilers, wheels, or 
screw being supposed to remain the same), ample reason still exists for 
making such a change in contracting for engines intended for vessels 
carrying a large proportion of coal ; and it has been shown that if 
double the ordinary amount be paid for the machinery, yet 9^ per cent, 
increase may be paid upon the capital iu some cases, after deducting 
for the extra cost of engines, by the economy in coal alone. 

It has also been shown that notwithstanding the increased size of 
engines (supposed to be increased 3 times), the Australian vessels car- 
rying a large proportion of coal, present opportunities of gaining 15 per 
cent in many cases in cargo room, and further, that about 14 per cent 
may be saved in the gross weights carried, taking machinery and coals 
together ; or that so much more additional coal could be taken for a 
longer voyage without re-coaling. 
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In the foregoiug tables, the size or nomiual horse power of engines, 
has been supposed to be increased 3 times, as a limit, but no advantage 
has been named as resulting from the diminished cost of the boilers, 
since, less steam being required to develops the same power, smaller 
boilers would suffice. Considerable advantage, however, would follow 
from this reduction ; or advantages might be shovm, in decrease of 
weight and space in the boilers ; but it has been considered best not to 
encumber the calculations with so many considerations. 

The gain in cargo space is altogether an additional saving to that 
already named as resulting from economy iu quantity of coal, but this 
source of profit has only been shown in a per-centage of increase of 
cargo space, and no money value can be set upon it, as it varies so 
much with the nature of the trade and freight obtained. 

The following Table XVIII. presents a general summary of what 
has been before stated, and it will be seen from this Table, that 
until the quantity of coals taken in proportion to weight of ma- 
chinery at least equals 1^ times, as in Class 3, or rather until 
it equals 2 times the gross weight of machinery, no change 
could be advantageously made by increasing the nominal horse>- 
power or size of the engines ; inasmuch as (on the conditions 
assumed) the weight of the machinery increases more rapidly than 
the weight of the coal diminishes. 

In Classes 4 and 5, however, an increase in the weight of the 
engines is soon covered by the reduction in weight of coal required. 

The increase in the weight of engines would be found to be 
about balanced by the decrease in weight of coal required, if the 
quantity of coal taken was equal to double the gross weight of 
machinery ; the boilers being supposed to remain the same. In 
these calculations it must be remembered, that the boilers are sup- 
posed to remain the same, and the weight of the engines alone, 
are supposed to increase in the ratio of li times the weight for 
double the size or nominal horse-power, and 2 times the weight 
for 3 times the size or nominal horse- power. 
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■• 

The importance of the gain in cargo-space, may be thus estimated, 
taking the Australian vessels as an instance) : — 

Supposed capital of company £100 

Working expenses supposed at 65 per cent, 

with the coals 25 per cent 65 

To pay 5 per cent, the receipts must be 70 

With engines increased to 3 times size — 

The capital increased to £130 

Working expenses reduced by saving of 43 per 

cent, off coals at 25 per cent. *. 54 5 

To pay 5 per cent the receipts need only be 

(£54 5 X £6 10 0) 60 15 

But the receipts on former supposition are £70, showing an addition of 
7 per cent, on the increased capital, or 9 J per cent, on the original sup- 
posed capital. 

To this add from 7^^ to 15, say 10 per cent, on receipts, extra cargo 
space, equal to £7. 

This gives total receipts £77 

Working expenses 54 5 

Balance for dividend £22 15 



This on £130 equals 17^ per cent. 

It can be shown also that with improved mcLchinery, comparatively 
no extra capital would be needed, and that no additional space would 
be required in engine room, so that a saving of iS per cent, in coal 
would give lOf per cent, on capital in the case of Australian vessels, 
and add besides from 13^^ per cent, to 27 per cent., — say 18 per cent, 
to the cargo space, and consequently to the receipts — 

Thus capital £100 

Working expenses reduced to 54 5 

Eeceipts as before, £70, to which add 1 8 per cent. 
=£12 12 for extra cargo-space, making total 
, receipts 82 12 

Leaving for dividend £28 7 



In the foregoing paper the object of the Author has been merely 
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to collect a few particulars of the different classes of vessels, and to give 
a rough approximation to the effects which would be produced by a 
certain saving in fuel, even did no alternative exist but that of increas- 
ing the size and weight of the engines. 

There does not appear to be much doubt about a saving in fueU 
even of 40 per cent, being made by expannve working^ considering what 
is now the general average consumption. 

If the present ordinary consumption be taken at 4^ lbs. of coal per 
indicated horse-power, a saving of 40 per cent, would reduce it to 2} lbs. 
per horse-power, and this quantity will appear ample, when it is con- 
sidered that many land engines are working with 2^ lbs. per indicated 
hOTsepower. 

The pressure of steam assumed in the foregoing calculations of the 
saving of coal, where different sized engines are employed, has been 
only 20 lbs. above the atmosphere. A very much larger saving would 
however result* if steam of a higher pressure were used. The prin- 
ciple upon which the engines are supposed to be altered, is that of 
increasing the diameter of an ordinary cylinder, presuming the stroke 
to remain the same. 

As the interests of Marine Engineers and Steam Ship Builders 
must, in the long mn, be identical with those of the merchants or 
companies employing them, it is clearly of the utmost importance to 
endeavour by every means to economize fuel. Little, however, can be 
h(^d for so long as the merchant determinately refuses to pay for 
that economy in some shape or other. It is not to be expected that 
engineers virill supply larger engines than custom necessitates, and for 
which they obtain no additi(mal payment ; nor will they exercise their 
talents to economize in that direction which appears least appreciated. 

Considerable competition has for a long time existed amongst 
engineers for the purpose of reducing the space occupied by engines, 
but this has been done without reference to the question of economy in 
total space of machinery and coal, or vnthout reference to economy in 
consumption of fuel. 

This competition has been, nevertheless, productive of much good, 
as reduction in weight and space occupied by engines is of the utmost 
importance, other tiungs remaining the same. 

M 
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It is believed, however, that when the subject is better understood 
by merchants than it appears to be at the present time, Jthey wiH no 
li»)ger reliise to purchase the economy when offered to them. 

Were the Government now to throw open a contract, where 
economy in fuel was the object sought, in the same manner as they did 
some years ago, when economy in space and weight were the objects, we 
might look for the same or greater benefits than then resdted from so 
advisable a pltui. 

The author has now ta show in what manner he believes nearly 
all the advantages enumerated in the foregoing Tables can be ob^ 
tained,. by a peculiarly constructed Engine of his invention, adapted 
for the expansive use of steam, without those disadvantages which have 
doubtless prevented the more general adoption of the princ^e of 
expansion in Marine Engines, viz., the increased size, weight, and 
cost of the Engines. 

The degree of expansion to which it is necessary to work, in 
order to obtain great economy, would seem to require an arrange- 
ment of Engine different &om the ordinary one ; inasmuch as the 
l^eat variation of pressure from the beginning to the end of the 
stroke would cause considerable iiTegularity in the working of an 
engine where no fly wheel can be employed. Added to this objec- 
tion, there is also another of equal importance — the necessity ef 
making all parts of the engine, (where a single cylinder of large 
capacity is used for expansive working,) strong enough to resist the 
greatest strain to which they are subject, namely, that at tlie com- 
mencement of the stroke ; the weight and cost of engine rising also in 
a corresponding de^ee with its strength. In order, therefore, to 
overcome these objections, and adapt it for marine purposes, it 
seems necessary that an engine should be arranged on the following 
principles : — 

1st. That the steam on its first entrance should act upon a con^ 
paratively smaU area. 

and. That it should finally expand to a considerable extent, the 
limit being determined by the friction of the machinery and tbet 
piressure of uncondensed vapour in the condenses. 
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Brd. That the variation in total pressure from the beginning 
to the end of the stroke should be as small as possible for any given 
expansion. 

4th. That the work done by the in and out strokes, (t. «., of a 
horizontal screw engine,) should be equal, or as nearly so as possible. 

5th. That the horizontal or floor space occupied should be as 
small as possible— the height not being of great importance if 
within, say 6 or 8 feet. 

6th. That the strain upon all parts of the engine should be as 
nearly uniform as possible, and not concentrated at any portion of 
the stroke. 

7th. That the steam from its entrance to its exit should work 
against a vacuum if possible. 

The arrangements shown in Plates 15, 16, and 1 7, meet to a con- 
siderable extent the above conditions. They are all upon the double 
expansive principle, and therefore may be said to work with both 
high and low pressure steam. 

Figs. 1 and 2, Plates 15 and 16, show an arrangement in which 
the high pressure steam enters in the upper part of the cylinder, and 
presses upon the annular space AA round the trunk — ^this being com- 
paratively a small surface — it is cut off at^J or |- of the stroke, accord- 
ing to circumstances, and then is passed to the lower end £ of the 
cylinder, in which it is expanded to the extent required — this being in 
the ratio of the annular space to the whole area of cylinder. During 
the time the high pressure steam is acting on the annular space A A, 
the lower part B of the same cylinder is open to the condenser C, and 
while the steam is expanding in the lower part of the cylinder, on an 
are a equal to that of the trunk D, a vacuum is maintained in the bottom 
of the opposite cylinder F, and so admits of the greatest degree of ex- 
pansion. The trunks D, E of the two opposite cylinders being firmly 
connected together by the rods HH, causes the pistons of both 
cylinders to move simultaneously, and the gross power exerted in 
each direction is made up of the pressure of the high-pressure steam 
in one cylinder, and the expanding steam in the other or opposite 
cylinder. The trunks are for the purpose of shortening up the en- 
gines as much as possible. 
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The main features in this arrangement are first, thi^ the atmos- 
pheric i»'e88ure on the outer end of the trunk is counterbakmeecl, 
which if not done would prevent the steam hemg worked so expan- 
sively, as the pressure of the atmosphere on the trunk would he 
added to the pressure of the high-pressure steam which is not re- 
quired, and would have to be balanced by the expanding steam, 
which (in order to maintain an efifectlye moving power) could not 
then be expanded to the same extent ; and secondly, that tbe high 
pressure steam acts only upon a comparatively small area. 

Fig. 8, Plate 17, shows an arrangement, by which an objection to 
a large trunk could be overcome. This plan is much the same as 
Sims* arrangement, only having a trunk D attached to the pistons for 
economizing space, a vacuum is here maintained constantly in the 
space GG between the two pistons; the high-pressure steam acting 
on the bottom of the small piston at A, and afterwards expanding in 
the annular space BB. The trunks D E being small in this case, the 
same necessity would not cxistfor combining opposite trunks together, 
though in the event of the power being large and 4 cylinders em- 
ployed, an evident advantage would follow. 

Fig 4, Plate 17, shows an arrangement by which an engine, on 
the above plan, could be made double-acting, that is, having high- 
pressure steam admitted on both sides of the small piston at A and 
£E alternately, and using both sides of the large piston BB and 
GG alternately for expansion. This is done in the way shown — 
the cylinders being distinct, and the trunk D being encased as 
it were by a tube through the large cylinder — ^thus avoiding 
any internal stuffing-box. In this arrangement the Wge piston is 
an annular one, and the junction between the two pistons is made 
extemaUy by two or more piston-rods FF being attached to the large 
piston and to the trunk. 

There are several other forms in which the same principles may 
be carried out. 

In Fig. 1, where only two cylinders are required, the atmos» 
pheiic pressure on the trunk may be counterbalanced by an opposite 
piston or trunk working in a fixed cylinder or condenser having a 
vacuum maintained in it 
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The modifications would all depend npon the particular objects 
sought, and the conditions to be fulfilled in each case. 



The Chairman observed that the subject of the further develop- 
ment of the expansive principle, in the different forms of steam- 
engines, had become one of great practical importance, and had been 
at present only very partially carried out ; they were most probably 
only on the threshold of extensive improvements in the steam- 
engine, and particularly in the application of the expansive principle* 
combined with higher pressures than had been hitherto g^ierally 
used. The degree of expansion of the steam was seldom carried 
at present beyond about three times, but he thought it might be 
carried up before long to ten times, or even higher, the important 
economy of which had been so ably shown in the paper read by Mr. 
Allen. To carry this out thoroughly, so as to obtain the full comr 
mercial benefit of the economy that was practicable, a oonsidarably 
higher pressure of steam in the boilers would be requisite than wa» 
at present generally made use of ; &e pressure in tiie marine and 
land condensing engines had been already increased very generally 
from the old limit of 6 or 7 lbs. above the atmosphere, to abwit 
30 lbs. per square inch ; and in the Cornish engines to 40 or 45 lbs. ; 
but it did not appear impossible that this might be ultimately hE^ 
creased even to 100 or 120 lbs., as was constantly used in locomotive 
engines. 

Mr. AiiLEN said, that in the calculations in his paper, bel had 
assumed ah increase of pressure over the present general praetiee^ 
but to be within safe limits in reference to the present constrae^oa 
of marine boilers, he had not taken a higher pressmre thMi ^ 
lbs. as the basis ef his calculations. A c(msideral^ higher 
proportion of economy would, however, be obtdned, if ht^ier pre»» 
sures were made practicable by conploying boilers eoxistrcieted oift 
different principles firom those ordinarily used for condensing 
engmes. 

Mr. WILLS' remarked, that there appeared to* ham an onftissio^ m 
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one part of the argument as stated in the paper, in not calculating 
a provision for paying back the excess of capital required for furnish* 
ing the larger sized engines proposed to be introduced, to allow of 
the expansion being carried out to the additional extent proposed. 
The interest for this extra capital had been included in the calcula- 
tion, but he thought in order to make a complete commercit^l com- 
parison, an additional annual amount should be set apart for paying 
off the extra capital itself, within the period of the lifetime of the 
engines, as their durability could not be considered as increased by 
their being enlarged. He thought this consideration might partly 
account for the want of attention on the part of steam-boat com- 
pcmies to the application of the principle of expansion. 

Mr. Allen said that item had not been taken into account in the 
calculation, but on the other hand, the advantage had not been 
taken credit for that could be obtained by the reduction practicable 
in the boilers from the large saving in steam, leading to a saving 
in first cost, and cost of repairs, as well as increase in cargo space. 
These advantages, he thought, would considerably outweigh the other 
question of original cost of engines ; and in reference to their dura- 
bility, he believed it was generally experienced that large engines 
were better to keep up than small ones, and a lower per-centage on 
the capital was required for the purpose. 

The Chaibman inquired whether any engines had been tried on 
the new plans that had been described in the paper ? 

Mr. Allen replied, that none of them had been constructed at 
present, as he had only recently brought out the plans. 

The Chairman observed, that for employing a much higher pres- 
sure of steam, a considerable alteration in the present boilers would 
probably be required, in order to obtain the requisite strength ; 
particularly in the marine boilers, in which there was at present so 
large an extent of flat surface. An extensive series of experiments 
was now making, he understood, by the Admiralty, on working 
steam-vessels, with increased pressures, which would probably afford 
important results. 

Mr. Allen said, that the present limit of pressure was probably 
about 30 lbs. in steamers, on account of the practical difficulties 
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that were experienced in the construction of hollers of sufficient 
capacity for very large engines, and with the compactness requisite 
for the situation of marine hoilers, and at the same time ^uitahle 
for very high pressures. The principle of hoiler adopted in loco- 
motive engines, the only one in extensive practical use for such 
pressures, heing unsuitahle in the other respects. 

Mr. Jackson thought the extension of the expansive principle in 
steam-vessels would he an important advantage, as marine engines 
were undoubtedly much behind others in that respect ; it would 
probably be carried out more extensively by private companies, as 
they were generally less limited in the pressure of the steam than 
in the Government vessels, and it would be particularly applicable 
to them, as their commercial success was dependant on their cargo- 
space, so large a proportion of which was at present lost by the 
room occupied by the coals requisite with the present imperfect 
construction of engines. 

Mr. Miller inquired whether there was any law preventing 
high-pressure steam being used, or limiting the pressure in steam 
vessels ? 

The Chairman said there was no legal restriction in this country ; 
it was only on the Continent, he believed, that a limit was fixed foF 
the pressure allowed in working boilers. In the Government 
steamers the boiler pressure was limited for a long time to lOlbs.r 
but a great advance had now been made, and in the new gun-boat» 
high-pressure non-condensing engines had been introduced working 
at 601bsr per inch, which would probably be followed up by very 
important alterations and improvements in marine engines^ 

Mr. Allen observed that in the expenses of working steam? 
vessels the cost of coal bore such a large proportion to the other 
expenses, forming tlie largest litem of the whole, that the question 
of economy mainly rested on diminution in the consumption of.fueU 
and they could afford a considerable loss in the weight and cost of 
the engines,^ in consequence of the greater ratio of gain in the cargo- 
space from the reduction in the quantity of coal required, and the 
saving in cost of coal. The question of relative increase in cargo- 
space was one of great commercial importance, as the loss at present 
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from the large spftea in th« vessel required for coals was Very serious ; 
a saving in ci^ital, at thd expense of eargo-spaee, would be a loss on 
the whole; whil&t even at an original sactu^ce of capital from the 
greaiter propoiftLooate increase of cargo^space, a larger ratio would 
be gained of retozns for profits* In the tables given In the paper- 
the calculations had been made at the modecate pressure of 20 lbs. 
per inch, with cylinders enlarged 8 times m lElisse, and cutting off the 
steam at tth of the stroke ; with a higher piressure of steam the 
ai;paasion could be carried to a greater ei^tent, and still further 
economy obtained. 

The Ghairmak observed tihat the subject was one of great prac- 
tical importance^ and the valuable and ezt^isive calculations in Mr. 
Allen's paper threw great light on the commercial advantages and 
practicability of extending the application of the expansion prin- 
ciple. He suggested that the discussion be renewed at ihe next 
meeting, and hoped that Mr. Allen would be able to bring forward, 
on that occasion, further extended calculations, carrying out the 
same investigation with higher pressures of steam, from 20 lbs. up 
to perhaps 100 lbs. per inch. He proposed a vote of thanks to Mi. 
Allen, for his paper, wluch was passed, and the discussion was 
adjourned; 

The meeting then terminated. 



After the meeting Mr. Gray, oi Birmingham, exhibited several 
specimens of a new construction of pressure-gauge. 



PROCEEDINGS. 



July 25, 1856. 



The General Meeting of the Memhers was held at the house of 
the Institutioii, Newhall Street, Birmingham, on Wednesday, 25th July, 
1866 ; J. E. Mc Connell, Esq., Vice-President, in the Chair. 

The Minutes of the last General Meeting were read hy the Secre- 
tary, and were confirmed. 

The Chairman announced that the Ballot-Papers had heen opened 
by the Committee appointed for the purpose, and the following new 
Members were duly elected : — 

MEMBERS. 

John Brown, Derhy. 
Parkin Jeffoock, Derhy. 
Thomas Symes Prideaxjx, London. 
William Stenson, Ashhy-de-la-Zouch. 

honorary member. 
William Ridodt Wills, Birmingham. 



The following Paper, hy Mr. Edward E. Allen, of London, was then 
read : — 

ON THE COMMERCIAL ECONOMY OF WORKING STEAM 
EXPANSIVELY IN MARINE ENGINES. 

In the paper read at the last meeting (see Proceedings Inst. M. E., 
April, 1866) the author endeavoured to trace out tlie effects which 
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would result from working steam more expansively than is usual in 
Marine Engines. These effects were considered with respect to the 
increased weight of the engines, and space occupied hy them, and the 
increased capital required; and also with respect to the saving in 
weight and cost of coals, and increase of cargo space occasioned by 
a less quantity of coals being used for any given voyage. 

The various calculations were based on the supposition, that the 
usual practice is to cut off the steam at f ths of the stroke ; and the 
cylinders were supposed to be increased in capacity to 1^, 2^ 2|-, and 3 
times successively, in order to effect greater expansion. 

By doubling the capacity of the cylinders, it would be found that 
the steam must be cut off at about ^th of the stroke; and by increasing 
them to 3 times, it must be cut off at about f th of the stroke, in order 
that the actual power developed may in all cases be the same, and 
the economy would arise simply from the steam being more ex- 
panded in the larger cylinders proposed to be substituted for those 
ordinarily in use.* The pressure of the steam was supposed the 
same in each case; and the quantity of coal, presumed to be used by 
marine engines, was based on the supposition that steam of about 
20 lbs. pressure per square inch above tlie atmosphere was employed. 

In accordance with the wish expressed at the last meeting, the 
author now proposes to consider the question of economy arising 
under different circumstances, namely, an increase in the pressure of 
the steam employed. There are several ways in which economy may 
be obtained : — 1st, by working steam of the ordinary pressure more 
expansively than usual ; this being the mode of economizing pointed 
out in the paper read at the last meeting : 2nd, by using steam 
of a higher pressure and expanding to the same extent, or in the 
same degree, as is now usually the case, namely, about li times, or 
cutting off at f ths of the stroke : and 3rd, by using steam of a higher 
pressure, and allowing it to expand much more than is now usually 
the case, or down to say 5 lbs. per square inch above a vacuum as a 
practical limit. 

Thus economy would arise simply from using steam of a higher 
pressure, but still greater economy would result from allowing such 
high-pressure steam to expand fully. To render this matter clear, 
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it will be necessary to refer to a Table given in the paper read at the 
last meeting :• — 



Spaces occupied by Steam 


1 


2 


8 


4 


5 


6 


7 


8 


9 


10 


Power developed 


1 


1-7 


21 


2-4 


26 


2-8 


8-e 


81 


8-2 


8-8 



The quantity of steam being the same in all cases, but allowed 
to expand so as to occupy the increased spaces. 

In this Table no allowance is made either for back pressure, or 
for a reduction of power owing to a reduction of temperature while 
expanding, which if taken into account would rather reduce the 
amounts given. With this exception, however, the ratios of power 
gained by expansion, as shown in the Table, may be considered as 
correct for all pressures of steam, or in other words, the same rela- 
tive advantage would follow from expanding 1 cubic foot of steam 
into 3 cubic feet, whether the pressure were 15 lbs. or 120 lbs. on the 
square inch, the gain from expansion alone being in the ratio of 
about 2 to 1 . 

The high-pressure steam would however be more economical than 
the low-pressure, as will be seen from the following Table XIX., 
which gives the power developed, and tlie volumes of steam at vari- 
ous pressures formed from the same volume of water, and conse- 
quently from the combustion of the same quantity of fuel. The 
fourth column gives the ratios of power developed, when the steam 
is used without expansion, a back pressure of 2 lbs. being deducted. 
The fifth column gives the ratios of power developed when the 
steam is expanded down to 5 lbs. per square inch above a vacuum, 
and a back pressure of 2 lbs. deducted ; and the sixth column gives 
the part of the stroke at which the steam must be cut off, so as to 
expand down to 6 lbs. Column 7 gives the consumption of friel 
required to develop the same power, ordinary practice being taken 
at 100, and column 8 the per-centage saving of fuel, deduced 
from column 7. The last column gives the ratios of the capacity of 
cyl'mder required in each case, to develop the same power and to 
allow of expansion down to 5 lbs., the ratios being calculated from 
the size of cylinder required for 35 lbs. steam cut off at Jths, which 
is taken as 1. 



100 



EXPANSION IN MARINE ENGINES. 



TABLE XIX. 

T(nbU showing the Power developed and the Volume of Steam at different 
pressures, produced from the same volume of water, and consequently 
with the same consumption of fuel. 











Steam Expanded down to 5 lbs. 


pressure, and back i 


Total 






Steam not 
expanded, " 




pressure 


of 2 lbs. deducted. 








1 






pressare 
(in elud- 


1 


i 


but back 
pressure of 


Eatioof 


Consump. 
Part of Uonofftiel 


Per 
centage 
Saving 
of fuel 
for the 
same 
power. 


Capacity 


ing 


1 

«4 


s 


2 lbs. 


power de- 


stroke at 


for the 


of 




"S 


deducted. 


veloped, 


which 


same 


cylinder 


per 
Bonare 


o 


Ratio of 


compared 

with 
ordinary 
practice. 


steam 


power. In 


required 


1 


f 


power deve- 
loped, com- 
pared with 
ordinary 


must be 

cutoff to 

expand to 

5 lbs. 


per cent- 
age of or- 
dinary 
eonsump- 


for the 

same 

power. 








practice 






tion. 


















Per Cent. 


Per Cent. 




15 




1669 


•66 


1^24 


l-2^7th 


80 


20 


H 


20 




1281 


•71 


146 


1-3-5 


68 


32 


3 


36 




1044 


•74 


1-64 


1-4-3 


61 


39 


21 


30 




883 


•76 


\'7S 


1-5 


56 


44 


24 


85 




767 


•78 


191 


1-6 


52 


48 


2| 


40 




679 


•80 


2^02 


1-6-6 


49 


51 


n 


50 




554 


•82 


2-22 


1-8 


45 


55 


2 


60 




470 


•83 


2-87 


1-10 


42 


58 


li 


70 




400 


•84 


2^50 


1-11 


40 


60 


u 


80 




853 


•85 


2-62 


1-12-6 


38 


62 


If 


90 




816 


•86 


2^66 


1-14 


37 


63 


11 


100 




287 


•87 


2-83 


1-15^6 


35 


65 


1ft 


110 




266 


•89 


2-91 


1-17 


34 


66 


14 


120 




250 


•92 


3^00 


1-18 


33 


67 


14 



• Ordinary practice is assumed at 35 lbs. total pressure, cut off at fths of the stroke, the 
power developed being called 1. 

•* The size or capacity of cylinder in ordinary use, i,e., for 35 lbs. steam out off at jths, is 
taken as 1. 

Allowance is made in this Table for the reduction of pressure 
arising from a reduction of temperature during expansion, and the 
difference this makes may be understood by seeing from the Table 
that steam of 120 lbs. pressure, expanded 18 times only, reduces the 
pressure to 5 lbs. per square inch ; whereas if no reduction of pres- 
sure took place from a reduction of temperature during expansion, 
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steam of 120 lbs. would have to be expanded 24 times (instead of 18 
times as above) to reduce it to 6 lbs. pressure. 

The Table also shoves how the ordinary practice may be im- 
proved upon ; for example, by using steam of 120 lbs. pressure and 
cutting off at 1-1 8 th of the stroke, in which case 3 times the power 
will be developed from the same combustion of ^el. 

As the final pressure is here supposed to be 5 lbs. in all cases, it 
follows that the size or capacity of cylinder required is in all cases 
the same, namely, about 4500 times the bulk of water evaporated. In 
ordinary practice, the capacity of cylinder may be taken at about 
1000 times the bulk of water evaporated; so that with 120 lbs. steam, 
cut off at l-18th of the stroke, although 3 times the power is 
obtained by the same combustion of fuel, yet the capacity of the 
cylinder must be about 4^ times that required for steam at 35 lbs. 
and cut off at Jths. It follows from this, that the same power would 
be developed in a cylinder 1^ times the ordinary size. 

In like manner, with steam of 50 lbs. total pressure expanded to 
5 lbs. (2 lbs. back pressure allowed,) the steam would require to be 
cut off at about Jth of the stroke ; and in order to develop the same 
power as in ordinary practice, namely, 35 lbs. cut off at fths, 
the capacity of tlie cylinder must be just doubled. 

The amount of economy obtained by using steam at increased pres- 
sures may be found from column 5. For instance, steam at 50 lbs. 
pressure cut off at ^th gives 222 times the power obtained in 
ordinary practice, (that is, with 35 lbs. steam cut off at fths) ; and in 
like manner, steam of 120 lbs. cut off at 1-1 8th, gives 3 times the 
power ; so that the same power is obtained by the combustion of 
45 and 33 per cent, of the fuel, or in other words, the saving in 
these cases is about 56 and 67 per cent, respectively. 

In comparing tbis economy, due to the use of high-pressure 
steam, with that shown in the former paper to result from the greater 
expansion alone of steam of 35 lbs. total pressure, the difference is 
very marked ; for in the latter case, increasing the size of cylinder 
to I J times, the economy was only 19 per cent., whereas with the 
same increase in size of cylinder and 120 lbs. steam, the saving is 67 
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per cent., or 3|- times as great. Again, doubling the size of cylinder 
with 85 lbs. steam, the saving was 29 per cent., whereas with double 
the size of cylinder and 60 lbs. steam, the saving is 55 per cent., or 
nearly double. 

It would occupy too much space to pursue the investigation so 
far as to exhibit at full length the economy resulting from employing 
steam of increased pressure in cylinders of the increased sizes assumed 
in the previous paper ; but the cases may be considered in which 
the size or nominal horse-power of the engines is increased to 1,2, 
and 3 times, the intermediate sizes being omitted. The compara- 
tive results are given in the following Table XX. 



TABLE XX. 

Table showing the relative economy of obtaining the same power by using 
steam of increased pressure^ and by increasing the size or nominal 
horse-power of the engines from 1 to 2 and % times ^ {the intermediate 
sizes being omitted,) Backpressure allowed of 3^lbs. 



Total 
pressure 
of steam 
in lbs. per 

square 

inch. 


Ratio of Size or Nominal Horse-power of Engines. | 


1 


' 


3 


Cutoff 
at 


Final 
pressure 
in lbs. p. 
sq. inch. 


Ratio of 

Coal 
consum. 


Cutoff 
at 


Final 
pressure 
in lbs. p. 
sq. inch. 


Ratio of 

Coal 
consum. 


Cutoff 
at 


Final 
pressure 
in lbs. p. 
sq. inch. 


Ratio of 

Coal 
consumed. 


85 


3.4th 


25i 


100 


l-4th 


74 


66 


l-7th 


44 


57 


40 


2-5 


144 


68 


1-6 


5i 


57 


1-10 


34 


51 


60 


1-3-3 


13i 


58 


1-8 


5 


48 


1-13 


3 


45 


60 


1-4 


13 


53 


1-9-5 


H 


45 


1-15 


3 


42 


70 


1-6 


12 


48 


1-12 


4} 


41 


1-18 


3 


89 


80 


l-0'6 


10 


43 


1-15 


4f 


88 








90 


1-8 


H 


40 


1-18 


4 


86 






.. 




100 


1-10 


H 


38 


1-22 


31 


35 










110 


1-11 


8 


37 


1-24 


3| 


34 










120 


1-12 


71 


85 


1-26 


34 


82 











From this Table it appears that a choice may frequently be made 
between two ways of employing steam, both resulting in the same 
economy, so far as the consumption of coal is concerned. For 
instance, steam at 50 lbs. cut off at i%ths, and steam at 35 lbs. cut 
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off at ^th, give the same results or nearly so ; but the low-pressure 
steam requires a cylinder of 3 times the capacity of the other. 

Again, steam at 70 lbs. cut off at ith, and steam at 60 lbs. cut .off 
at ith, give the same results ; but the low-pressure steam requires 
a cylinder of double the capacity of the other. 

The results have not been carried out in the third series of 
columns for pressures above 70 lbs., as the final pressures fall 
too far below the assumed back pressure. 

The consideration of the subject will now be confined to the 
economy that would be effected, by using steam of increased pressure 
in a cylinder of the ordinary size. 

The following Table XXI. has been compiled in order to show 
with what economy steam of increased pressure can be expanded 
in a cylinder of the ordinary size so as to develop the same power. 

The pressures begin at 35 lbs. cut off at f ths, which is assumed 
as the ordinary practice, and the power developed under these con- 
ditions is called 1. Column i gives the total pressures; column 2 
the part of the stroke at which the steam must be cut oQ. in each 
case to develop the same power ; column 3 the ratio of the power 
developed by the same consumption of coal ; column 4 the relative 
quantities of coal required to develop the same power ; column 5 
the per-centage saving of coal ; and column 6 the final pressure of 
the steam on its exit from the cylinder. 

From this Table it will be seen that in the case of an engine 
working with 35 lbs. steam and cutting off at f ths of the stroke, if 
it be required to increase the pressure (in order to economize) to 
say 70 lbs., then the steam must be cut off at about ^th of the stroke, 
and the consumption of coal will be only 48 per cent, of the quan- 
tity previously consumed, the power developed remaining the same. 
So also if the pressure be increased to 120 lbs., the steam must be 
cut off at about ^2th of the stroke, and the consumption will be 
reduced to 36 per cent., the same power being developed. The size 
of the cylinder remains the same in all cases. 

With respect to the weight of machinery, it will not make much 
difference to what pressure the steam is raised, for although the 
weights slightly decrease when high-pressure steam is used, yet the 
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difterence is very little and not worth considering in the present 
investigation. 

TABLE XXI. 

Table showing the economy of working steam of increased preisure in a 
cylinder of the ordinary size. 



Total pressure 

of steam in 

lbs. per square 

inch. 

85 


Part of stroke 

at which steam 

is cut off, to 

deTelop same 

power. 


Ratio of i>ower 
developed by 
same consump- 
tion of coal. 


Ratio of ooal 

required to 

develop same 

power. 


Saying of coal 

in per-centage 

on ordinary 

consumption. 


Final pressure 
of steam on 
leaving cylin- 
der, in lbs. per 
square inch. 


3-4th 


1«00 


100 


Per Cent. 


25i 


40 


2^ 


1-47 


68 


82 


14i 


50 


1-3-3 


1-72 


58 


42 


134 


60 


1-4 


1-88 


53 


47 


13 


70 


1-5 


2-06 


48 


52 


12 


80 


1-6-6 


2-28 


43 


57 


10 


90 


1-8 


2-44 


40 


60 


H 


100 


I-IO 


2-60 


88 


62 


8* 


110 


1.11 


2-70 


87 


68 


8 


120 


1-12 


2-80 


85 


65 


71 



In order to give a more complete view of the difference between 
the economy resulting from the increased expansion of ordinary 
steam, and that arising from the increase of pressure of the steam 
itself, the two following series of Tables, Nos. XXII. and XXIII., 
have been compiled. 

The first series XXII., is based on the supposition that the size 
of the engines is increased to IJ, 2, 2^, and 3 times for expansive 
working, but that from improved machinery, and reduction in 
the weight of boilers (from diminished consumption of fuel), 
the gross weight of machinery and the space occupied remain 
constant. 

The second series XXIII., is based on the supposition that the 
size of the engines remains constant, as well as the gross weight of 
machinery and the space occupied ; but that the pressure increases 
from 35 lbs. to 60, 80, 100, and 120 lbs. 
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TABLE XXII.— Section A. 

Table showing the Weights of machinery and coal, and Joint Weights 
of same ; the size or nominal horse-power increasing from 1 to 8, 



the 


indicated horse-^ 


power 1 


-emaining 


the same. 








Class. 


Service. 


Ratio of 
size or 

nominal 
horse- 
power. 


Gross 

weight of 

machinery 

consUnt. 

• 


Ratio of 
weight of 
coal corre- 
sponding to 
increased 
nominal 


Ratio of 

total 
weights. 


Ratio of 
time the coal 
would last, 

if total 
weighto he 

kept tiie 
same. 


Ratio 

in 
days. 




. 


1 


1 • 


•25 


V2& 


100 


2i 






u 




•20 


1-20 


1-23 


3 


1 


RiYer - 


s 




•18 
•16 


1-18 
116 


1:40 
r58 


3& 

4 






^ 


3 




•14 


114 


1-75 


4i 






1 




1-00 


2-00 


100 


10 


2 


Coasting and Con- 
tinental 


a 
H 




•81 
•71 
•63 


1-81 
1^71 
1-68 


1-23 
1-40 
1-58 


12i 
14 
15} 






8 




•57 


1-67 


1-75 


174 






1 




1-50 


2-50 


l^OO 


15 




Ocean, (short voy- 


H 




1-21 


2-21 


r23 


18i 


8 


ages,) and Go-- 


2 




106 


2-06 


1-40 


21 




vemment 


H 




•94 


1-94 


1-58 


23} 






8 




•85 


1-85 


1-75 


26i 






1 




4-00 


6-00 


1-00 


40 




Ocean, (long voy- 


H 




3^24 


424 


1-28 


49* 


4 


ages,) Austra- 


2 




2^84 


8-84 


1-40 


56 




lian 


2i 




2-52 


3-52 


1-58 


63i 






3 




228 


8-28 


1-75 


70 




Ocean, voyage out 


1 




7-00 


8-00 
% 


100 


70 




and home, 


u 




5-67 


6-67 


1-23 


86 


5 


Eastern Steam - 


2 




4^97 


5-97 


1^40 


98 




Navigation Com- 


2i 




4^41 


5-41 


1-68 


llOi 




panv 


< 8 




8^99 


4-99 


1-76 


1224 







* Weight of hollers and water supposed to he reduced, and weight of engines not increased 

in higher ratio. 

O 
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In both series of Tables, XXII. and XXIIL, 
Sections A refer to the total Weights. 
Sections B „ ,, Spaces. 

Sections C „ „ Cargo Space. 

Sections D give a summary of the preceding sections. 

TABLE XXn.— Section B. 

Table showing the Spaces occupied by engines^ boilers, and passages 
together, and by coals ; and also the ratio of the Total Spaces; the 
size or nomimd horse-power increasing from I to S, the indicated 
horse-power remaining the same. 



ClMS. 


Senrioe. 


BatioofaiM 
or nominal 


^ace occupied 

paaaagea, 
oonatant 


Batioof 

apacea 

occupied by 

coals. 


Batioof 
total spaces. 


I 


River • 


24 




iOO 
•81 
•71 
•63 
•67 


400 
381 

3-n 

3-63 
8-67 




3 

and 

S 


CkMwting and Conti- 
nental, and Ooean- 
(ahort Toyagef) ... 


14 

24 




9-00 
2 •43 
2-13 
1-89 
1-71 


6-00 
5-43 

5-13 1 

t 
4-89 

4-71 


4 

and 

5 


Ocean (long Toyagee), 
and Toyage ont- 
and home 


14 

24 
8 




6^00 
4^05 
3-55 
8-15 
2-85 


8^00 
7^06 
6^55 
6-15 
5-85 





* Space occupied by boilers supposed to be reduced, and space occupied by engines not 
increased in higher ratio. 

TABLES XXII. show the results of increased expansion of ordi- 
nary steam. 

Sections A and B show how the total weights of machinery and coals 
taken together, and also the total spaces occupied by them, decrease 
from class 1 to 5, on the supposition that the gross weight of machi- 
nery and the space occupied by it remain constant. 
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TABLE XXII.— Skction C. 

Table showing the Gain in Gabgo Space, wJien the space occupied by 
the engines, boilers, and passages is constant ;* the size or nominal 
horse-power increasing from \ to 3, the indicated horse-power remain* 
ing the same. 







RaUo 






Per-oentage Gain in Cargo Space. 






of 


Ratio of 














dxe 


total spaeei 


The same 


1st. 


2nd. 


8rd. ' 


Class. 


Serrice. 


or 
nomi. 

nal 
horse, 
power 


occnpied by 
machinery 
and coals, 
from fore- 
going table. 


ratio, bat 
showing the 
per-centage 

decrease. 


When total 
machinery 
and coal 
space is 
ejiw/ to total 
cargo space. 


When toUl 

machinery 

and coal 

space is 

1 of toUl 

eargo space. 


When total 

machinery 

and coal 

space is 

4 of total 

cargo space. 












Percent. 


Percent 


Per Cent. 






1 


4-00 


100 


— 










H 


3-81 


95 


5 


H 


H 


1 


River • 


2 


8-71 
3-63 


98 
91 


7 
9 


41 

6 


*4 








8 


3-67 


89 


11 


n 


«4 






1 


600 


100 













Coasting and 














2 


Continental, 


U 


5-43 


90 


10 


61 


5 


and 


and Ocean 


2 


5-18 


85 


15 


10 


n 


3 


(short Toyages) 


H 


4-89 


81 


19 


12* 


94 






8 


4*71 


78 


22 


141 


11 






1 


800 


100 


__ 





_ 




Ocean (long 














4 


voyages), and 


n 


7-06 


88 


12 


8 


6 


lUld 


voyage ont 


2 


6*55 


82 


18 


12 


9 


5 


and home. 


24 


615 


77 


23 


IH 


114 






8 


5-85 


73 


27 


18 


134 



• Space occupied by boilers and passages supposed to be reduced, and space Occupied by 
• engines not increased in higher ratio. 

Section C shows how the cargo space continually increases from 
class 1 to 5. 

Section D gives a general summary of the three preceding ones, 
and shows the per-centage of increase of time the coals would last, 
if the total weights of machinery and coals taken together were kept 
the same ; and as this depends upon the saving in coal alone, the 
weight of machinery heing supposed constant, it amounts to the 
same in all the classes ; heing equal to 40 per cent, if the engines be 
doubled in size, and to 75 per cent, if the engines be increased to 
3 times the size. 
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The two last columns give the annual per-centage gain on the 
capital, from saving in coal and gain in cargo space ; firstly, when 
the nett profits cover the cost of vessel in 1 year, and secondly, when 
the nett profits cover the cost of vessel in 2 years ; the total ma- 
chinery and cod space heing taken at | of the total cargo space in 
each case. 

It is only on the supposition that the nett profits for a given 
period cover the cost of vessel or capital, that the gain from increase 
of cargo space can be added to the gain from saving in coal. If the 
vessel be supposed to have cost a sum equal to the nett profits of 3 
or any other number of years, then, in order to find the total annual 
gain, it is only necessary to divide the annual per-centage gain from 
increase of cargo space by 3, or any number determined on, and add 
the quotient to the annual per-centage gain from saving in coal ; the 
sum will be the gross annual -per-centage gain on capital. 

TABLES XXni. show the results of increase of pressure of the 
steam itself. 

The use of Section A may be thus illustrated : taking the 2nd 
class of steamers, it is seen that if steam of 36 lbs. pressure be used 
and cut off at f ths, a weight of coal equal to the weight of machinery 
will last 10 days ; but if steam of 80 lbs. pressure be used (in the 
same sized cylinder), then the same power will be developed by a 
consumption of 43 per cent, of the fuel, the steam being cut off at 
5n>ths ; and a weight of coal equal to the weight of machinery would 
last 23 days instead of 10. In like manner, if steam of 120 lbs. 
pressure be used (also in the same sized cylinder), then the same 
power will be developed by a consumption of 35 per^ cent, of the 
fuel, the steam being cut off at about ^^th ; and a weight of coal 
equal to the weight of machinery would last 28 days instead of 10. In 
all the other classes of steamers the same proportions hold good. 
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TABLE XXIII.— Section A. 



Table showing the Weights of machinery and coal, and Joint Weights 
of same; tfie total pressure increasing from 36 to 60, 80, 100, and 
I'i^O Ihs. per square inch ; the size or nominal horse^power of the en- 
gines, the indicated horse-power, and the gross weight of machinery 
remaining the same. 



Class 


Service. 


Total pres- 
sure of 

steam in 

lbs. per 

square 

inch. 


Weight of 
machinery 
supposed 
constant. 


Batio of 
weight of 
coaloorres- 
ponding to 
increased 
pressure. 


BaUo 
of 

total 
weights. 


Batio of 
time the 
coal would 
Iast4f total 
weighto be 
kept the 
same. 


Batio in 
days. 


1 


Hirer - 


85 

60 

80 

100 

120 




•25 
•182 
•109 
•095 
•087 


1-25 
M32 
1*109 
1095 
1-087 


1-00 
188 
282 
2-68 
2-85 


24 

«4 

7 


2 


Coasting and Con- 
tinental 


85 

60 

80 

100 

120 




100 
•58 
•48 
•88 
•85 


2-00 
1-58 
1-48 
1-88 
1-35 


J-00 
1-88 
2-82 
2-63 
2-85 


10 
19 
28 
26 
28 


8 


Ocean (short voy- 
ages) ard Oo- • 
vernment 


35 
60 
80 
100 
120 


1 


1-50 
•795 
•645 
•570 
•525 


2-50 

1795 

1-645 

1^570 

1-525 


100 
1-88 
2-82 
2-63 
2-85 


15 
28 
85 
894 
42i 


4 


Ocean (long voy- 
ages) Austra- - 
lian 


85 
60 
80 
100 
120 


^ 


4-00 
212 

i-n 

1-52 
1-40 


5-00 
8-12 
2-72 
2-52 
2-40 


1-00 
1-88 
2-32 
2-63 
2-85 


40 
75 
93 
105 
114 


5 


Ocean, voyage out 
and home. 
Eastern Steam • 
Navigation Com- 
pany 


85 
60 
80 
100 
120 




7-00 
371 
801 
2^66 
2*45 


8-00 
4-71 
4-01 
8-66 
3-45 


1-00 
1-88 
2-32 
2-63 
2-85 


70 
132 
162 
184 
200 
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TABLE XXni.— Section B. 

Table showing the Spaces occupifd by engines, boilers, and passages 
together, and by coals ; and also the ratio of the Total Spaces ; the 
total pressure increasing from 35 to 60, 80, 100, and 120 Ihs. per 
square inch; the size or nominal horse-power of the engine, the 
indicated horse-power, and tJte total space occupied by machinery 
remaining the same. 



Class. 


Servioe. 


Total pressure 

of steam in lbs. 

per^^uare 


Space occupied 

by engines, 

boilers and 

passages, 

constant. 


Ratio of spaces 

occupied by 

coals. 


Ratio of total 
spaces. 


1 


River - 


85 
60 
80 
100 
120 


3 
8 
8 
8 
8 


100 
•53 
•48 
•88 
•35 


4^00 
3-53 
8-48 
8^38 
3^S5 


2 

and 

3 


Coasting and Con- 
tinental, and Ocean ■ 
(short voyages) ... 


35 
60 
80 
100 
120 


8 
3 
3 
3 
3 


300 
1-59 
1-29 
1^14 
1»05 


6^00 
4^59 
4-29 
4^14 
4^05 


4 ^ 

and 
5 


Ocean (long voyages) 
and voyage out - 
and home 


35 
60 
80 
100 
120 


3 
3 
3 
3 
3 


5-00 
2^65 
2*15 
1^90 
1^75 


B^OO 
6-65 
5^15 
4^90 
4^75 





Sections A and B show how the total weights of machineiy and 
coals taken together, and also the total spaces occupied hy them, 
decrease from class 1 to 5, owing to a saving of coals alone. No 
advantage has heen taken of the decrease in the space required for 
the hollers, although much less fuel is used ; hecause high-pressure 
boilers usually occupy more space, for the same power, than low- 
pressure boilers. 
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TABLE XXin.— Section C. 

Table showing the Gain in Caboo Space, when the space occupied by 
the engines, boilers, and passages is constant ; the total pressure in- 
creasing from 36 to 60, 80, 100, and 120 lbs, per square inch ; the 
size or nominal horse-power of the engines, and the indicated horse- 
power remaining the same. 



ClMS. 


Sarrioe. 


Total 

pressure 

of steam 

in lbs. per 

square 

inch. 


Ratio of 

total 
spaces oc- 
cupied by 
machinery 
and coals, 
fhim fore- 
going table 


The same 
ratio, but 
showing 
the per- 
centage 
decrease. 


Per-centage Gain in Cargo Space*! 


1st. 

When total 

machinery 

and coal 

space is 

equal to 

total cargo 

space. 


2nd. 

When total 

machinery 

and coal 

space is 

^f 

total cargo 

space. 


3rd. 

When total 

machinery 

and coal 

total cargo 
space. 


1 


Rlrer - 


85 
60 
80 
100 
120 


4-00 
3-53 
3-43 
3-38 
3-35 


100 
88 
86 
84 
83 


Per Cent. 

12 
14 
16 
17 


Per Cent. 
8 

H 

101 

lit 


Percent. 

6 

7 
8 
8i 


2 

and 

8 


Coasting and Con. 
tinental, and Ooean- 
(■hort voyages) ... 


35 
60 
80 
100 
120 


6-00 
4-59 
4-29 
4-14 
4-05 


100 
76 
71 
69 
67 


24 
29 
81 
33 


16 

IH 

201 
22 


12 
14i 
154 
164 


4 

and 

5 


Ocean (long voy- 
ages,) and voyage- 
oat and home 


85 
CO 
80 
100 
120 


8-00 
5-65 
5-16 
4-90 
4-75 


100 
71 
64 
61 
59 


29 
36 
39 
41 


191 
24 
26 
27* 


144 
18 
194 
204 



















Section C shows how the cargo space continually increases from 
class 1 to 5. 

The last section of Tahle XXIII. gives a general summary of 
the three preceding ones. 






B - 

< § 

« I 

W i 

P I 

2 I 

g ^ 

PQ ?- 






"? 



^1 

o s^ 

* 1 
o "8 

••• 

CO »< 



p 1 



». 

< 



I 



1-5^ 



I 



1 



^ I 

* O 

s 

^ I 



ill 

iff 



si 









113 






1^ 






•iiss 



|1||"sa 



9 i'i^'3 1 



1^•s 



slip I 






ST^ 



sassafsssegi 



g p^«-4 fH ^ iMfH rHi-H 1^^ 



I -« I ?? I ?? I 2f I Sf 



I I *5 I ?S5 I Ja I 25^ I a^ 



^ I 2 J: 



iSSII^SISq:iS9 



0nmi 



^^IS$SIS$SIS;SIS9 






?ii??iffi?? 



8 ' ^ 



I • 9 I 



$ S 



q §5 



liiMiilliM 






0O9 'e^eo 'c«n '-^» 'e^m 






^SSSSSISSSSSSS^SS 




Il4 EXPANSION IN MARINE ENGINES. 

It will render the results of these tables more easily understood, 
to trace them out with reference to one of the five classes of 
steamers, and as one of the most important, class 4, or the Austra- 
lian Vessels, may be taken. From Table T. it will be seen that the 
quantity of coal usually taken is equal to about 4 times the gross 
weight of machinery, and that this quantity lasts about 40 days, 
that is, with 85 lbs. steam cut off at |ths of the stroke. From Table 
VIII. it will also be seen that the quantity of coal annually consumed 
if the vessels be kept at work, amounts to 25 per cent, of the cost 
of the vessels or capital. 

Upon referring to Section D, Table XXII., it appears that if the 
cylinders be doubled in capacity, to allow of more expansive working, 
the coal required for the same time and to develop the same power 
is so far reduced, that 7J per cent, per annum is saved on the 
original capital ; and that if the weight of coals carried be kept the 
same, they will last 56 days instead of 40. Also, if the cylinders be 
increased in capacity to 3 times, the annual saving in coal will amount 
to lOf per cent, on the original capital; and if the same weight of 
coals be carried, they will last 70 days instead of 40. 

Beferring now to Section D, Table XXIII., it appears that by 
using steam of 80 lbs. pressure instead of 35 lbs., the annual saving 
in coal will amount to 14 J per cent, of the original capital; and that 
the same quantity of coals will last 93 days instead of 40. Also, 
if , the pressure be increased to 120 lbs., the annual saving in coal 
will amount to 1 6J per cent, on the original capital ; and the same 
quantity of coals will last 114 days instead of 40. 

Again, if instead of carrying coals for an additional number of 
days, the space they would occupy be appropriated to cargo, then, 
by the central columns, on the supposition that the total machinery 
and coal space is equal to §rds of the total cargo space, the latter 
mil be increased 12 and 18 per cent , when the size of the engines 
is increased to 2 and 3 times respectively, and 24 and 27^ per 
cent., when the pressure is increased to 60 and 120 lbs. respect- 
ively. By the last columns of Section D it will be seen, that, on 
the same supposition, and supposing the nett profits for 2 years 
to be equal to the cost of tlie vessel, that is, the receipts on the 
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cargo space to be 50 per cent, of the original capital, then the total 
annual gain from saving in coals and increase of cargo space will be 
13 J and 19| per cent, of the original capital, when the size of the 
engines is increased to 2 and 3 times respectively, and 26^ and 
nearly 30 per cent, when the pressure is increased to 80 and 120 
lbs. respectively. 

These results are of the highest importance, and well deserve 
the consideration of those embarking capital in undertakings of 
this nature. 

In concluding this examination of the beneficial effects of ex- 
pansion, the author may remark that there are various aspects and 
suppositions under which they might be demonstrated, and few can 
be more fiilly aware than himself of the imperfections which may 
be found in these contributions to the subject. It is difficult to 
present a comprehensive view of the subject in an abstract form ; 
but perhaps enough has been done to serve as a ground-work upon 
which calculations suited to specific cases can be based ; this may be 
done by substituting the correct quantities in any particular case for 
those given in the Tables. 

In the former paper the author made a deduction from the annual 
saving in coal for the interest on the extra capital required for larger 
engines of the ordinary construction ; but no provision was made 
for the repayment of such extra capital. This might be rendered 
more simple by supposing the gain from saving in coals and in- 
creased cargo space to be set aside until the extra capital was repaid. 
This would be done in a few years, according to the ratio which 
the annual profits bore to the capital. After the repayment of 
the extra capital, the annual gain would be constant, and no re- 
duction would have to be made for interest, the profits. resulting 
from saving of coal and increase in cargo space. 

The author will now refer to the advantages contemplated in the 
new forms of Engines proposed in the former paper, which are as 
follows : — 

1st. That the steam on its entrance to the cylinder acting on a 
comparatively small area would admit of the pressure being con- 
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siderably increased, without the weight of the engine being increased 
to anything like the extent necessary in the case of a common 
cylinder of large area. 

2nd. That in order to work expansively, it would not be neces- 
sary to increase the length of the cylinder or stroke of the engine, 
which would be the case with an ordinary engine : the double ex- 
pansion rendering the length of cylinder yirtually double. 

Srd. That the arrangements proposed possess all the advantages 
of compactness obtained by the use of a trunk, thus conveniently 
allowing of a longer connecting rod than would be possible in any 
other way in the same space. 

4th. That upon either of the plans represented in Plate 17, (see 
Proceedings, April, 1855,) the power of the engines could be almost 
indefinitely increased, not only by using steam of higher pressure, 
but also by increasing the diameter of the large cylinder ; retaining 
a short stroke for the sake of getting sufficient speed for a screw 
engine. 

5 th. That the floor space required for the engines on these plans 
would not exceed from ^ to ^ of a square foot per nominal horse- 
power, or about half the space usually occupied by other direct- 
acting engines ; the pressure and degree of expansion being sup- 
posed to be in both cases the same. 

6th. That the space required for the engines, so as to obtain a 
greater degree of expansion than usual, (greater c^vacity of cylinder 
under whatever form or arrangement being of course neces8aj-y») 
would not increase in a higher ratio than that in which the space 
occupied by the boilers would decrease, less ^team being required 
for the same power ; so that the total spaces would remain constant 
for almost any degree of expansion. 

7th. That the steam from its entrance to its exit would work 
against a vacuum. 

8th. That the difference of pressure at the beginning and end 
of the stroke would be very considerably less than in an ordinary 
engine, expanding to the same degree. For example : suppose an 
ordinary single cylinder with steam at 45 lbs. expanding 9 times, or 
to 5 lbs. ; then, deducting the back pressure, say 3 lbs., we have 
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46 — 3 = 42 lbs. at the beginning, and 6 — 3 =2 lbs. at the end of the 
stroke, being in the ratio of 21 to 1. Ifthe expansion take place in two 
stages, as in the arrangements proposed, then for the first stage we 
have 45 — 3=42 lbs. at the beginning, and 15 — 3 = 121b8. at the end 
of the stroke, being in the ratio of 3^ to 1 only ; and for the second 
stage, (taking place in the opposite cylinder,) we have 15 — 3=121bs.» 
and 5 — 3=2 lbs., being in the ratio of 6 to I only. The mean total 
difference is only 4| to 1, and this for the same degree of expansion 
of 9 times. 

9th. That the combination of the trunks not only counteracts 
the atmospheric pressure on the outer ends of them, which would 
prevent much expansion, but also saves the second connecting-rod, 
and further serves the purpose of guides, and prevents the work of 
the connecting-rod being thrown too severely on the trunk and stuff- 
ing-box. The combination of the trunks also renders the work done 
by the out and in strokes (of a horizontal engine) quite equal ; the 
high-pressure steam of one cylinder always acting in conjunction with 
the low-pressure steam of the opposite cylinder. This equality of 
work in the in and out strokes cannot well be obtained with a single 
trunk, except it be carried through the cylinder, as in Messrs. Penn's 
engine. The only way in which it is ordinarily attempted is by 
cutting off the steam later on the trunk side of the piston, by giving 
the valve less lap on that side. This method of obtaining uniformity 
is obviously very limited, and not compatible with high degrees of 
expansion. 

lOth. That owing to the strengdi of the various parts of the en. 
gine being determined by the pressure of the steam on its first 
entrance into the cylinder, and this taking place on a comparatively 
small area, the cost and weight of engines would not increase as on 
the ordinary construction ; and it is presumed that the reduction in 
the cost of boilers, owing to less steam being required for the same 
power, would cover any extara cost of engines arising from the greater 
capacity of cylinder, which is required in order to work more ex- 
pansively than usual. 
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Mr. Allen explained the drawings of his engine, and the mode of 
its action. He stated that his view had heen principally to ohtain com- 
pactness, and sufficient uniformity in the power, comhined with a much 
higher degree of expansion than was at present used in Marine engines. 
There were many practical difficulties in the more extended application 
of the expansive principle in those engines, on account particularly of 
the very confined space available for them in the vessels. 

The Chaibman inquired whether the calculations in the paper had 
been made only theoretically ; he supposed no actual trial of the engine 
upon the new arrangements proposed had yet taken place. 

Mr. Allen explained that the calculations had not been made from 
actual indicator diagrams, as there had not been an opportunity at pre- 
sent of making a trial of an engine on the proposed plan ; but he had 
made the calculations from carefully constructed diagrams, based on 
those obtained from the actual working of engines that were so far 
similar in their action, as to afford safe practical data for the calculations, 
and full allowance had been made for loss of temperature during expan- 
sion of the steam. 

The Chairman observed that strong objections were generally 
entertained by marine engineers to the use of high-pressure steam for 
their engines ; greatly on the ground, he believed, of priming, arising pro- 
bably from the quantity of salt in sea water ; but he did not see why 
these difficulties should not be surmounted. 

Mr. Allen stated that in his original paper, which was read at the 
previous meeting, he had confined his attention to the case of low-pressure 
steam, 35 lbs. total pressure, or 20 lbs. above the atmosphere, as that 
was the general limit at present in marine engines ; but in the present 
supplementary paper he had extended the calculations given in the pre- 
vious one to the case of high-pressure steam, in accordance with the 
desire expressed in the former discussion. 

The Chaibman inquired what means he proposed, for getting over the 
difficulties which were met with when high-pressure steam was used. 

Mr. Allen said that the object of his paper was not to investigate 
any special means of getting over the difficulties accompanying the use 
of high-pressure steam ; but merely to show what advantages in point of 
economy would result, in case some effectual method of overcoming 
them could be devised. 
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Mr. Jones observed that facts obtained by actual trial were very 
essential for confirming theory on such a sabject, which was one in which 
it would be important to have the calculations verified by practical 
experience ; he considered that the calculations in Mr. Allen's paperthrew 
much valuable light on the economy of expansion. 

Mr. HoDGE thought there would be much liability to error in basing 
calciilations on theoretical tables only, not derived from experiments, 
and in adopting a new design of engine, like that brought forward in con- 
nection with the paper, which had not yet been tried in practice. He 
disapproved of the short stroke of the engine proposed, since the total 
effect with the same expansion, that is, cutting off at the same fraction 
of the stroke, was not so good in a short-stroke engine as in a long one ; 
bot be considered the use of the two cylinders an advantage, on account 
of the greater uniformity of motion thereby obtained; the latter however 
was not a point of such importance in the propulsion of vessels as in 
manufactories, since the momentum of the vessel was great, and not 
easily afiPected by irregularities in the stroke ; but in driving machinery, 
all variations in the power given out at different portions of the stroke 
were detrimental. The arrangement of the trunks for shortening up 
the engine appeared very good, but he thought the cylinders were shorter 
than was advisable, because less power was obtained out of the steam 
by expanding the same volume of steam in a short cylinder than in a long 
one, as was shown by adding up the ordinates of the expansion curves. 

The Chaibman inquired whether the form of engines represented 
was expressly designed for high-pressure steam, or whether any other 
form would be considered preferable in that case. 

Mr. Allen replied that the engines were not designed for very high- 
pressure steam, but only for pressures of about 85 to 45 lbs., including the 
atmosphere ; the advantages contemplated in them were those arising 
from saving in cost and space occupied, and from allowing the expansion 
to be carried to a higher degree than usual ; large trunks might be 
objectionable with very high pressure, as the effects of the difference in 
area would then be rendered more perceptible. The advantage of a long 
stroke was admitted, but it appeared to be impracticable to obtain a 
long stroke in a marine engine, with sufficient velocity of revolution of 
a screw shaft. 



130 EXPANSION IN MARINE ENGINES. 

The Chaibman inquired what was the velocity of revolution pro- 
posed with Mr. Allen *s engines. 

Mr. Allen contemplated working them up to 80 or even 100 revo- 
lutions per minute, which was ahout the speed required for screw shafts ; 
this would give a speed of piston of about 300 or 400 feet per minute. 

Mr. Hodge thought an engine might be driven at a considerably 
greater speed without difficulty ; he had known 600 or 700 feet per minute 
attained without difficulty in a long-stroke engine, and a good indicator 
diagram obtained at that speed. 

The Chaibman remarked that, independently of the difficulty of 
obtaining a long stroke with a great velocity of the shaft, the section of 
the vessel would not generally allow of a long stroke sufficiently low down 
for direct*acting horizontal cylinders. 

Mr. HoDOE said that th^ balancing of the cylinders by connecting the 
opposite trunks appeared to him to be a new and good arrangement ; he 
had not seen it before, and it certainly made the engine very compact ; but 
he did not see that it was accompanied by sufficient advantages to war- 
rant complicating the engine so much as was done by the proposed 
arrangement. 

Mr. Allen explained that it was not necessary to use four cylinders, 
in order that the atmospheric pressure upon the open trunks might be 
balanced, as this could be done by working the opposite trunk in a con- 
denser ; by connecting the opposite trunks, the effects of the variation 
of the pressure during expansion were diminished, and the atmospheric 
pressure was entirely neutralised ; the four cylinders were however de- 
sirable where the expansion was carried down to the extent contemplated 
in the paper, namely, 5 lbs. above a vacuum, as the total power exerted 
in both directions was thus rendered quite equal. Without the trunk the 
same amount of expansion could not be obtained without having engines 
with a long stroke. 

Mr. Hodge presumed the extent of expansion was limited only by 
the power required to overcome the friction of the engine. 

Mr. Allen pointed out that the steam might be expanded with advan- 
tage to this limit in the engines he had proposed, as when the most 
expanded steam was acting on the large area of piston, there was, in 
addition to this, when the trunks were coupled, the steam at its highest 
pressure acting on the small area in the same direction. 
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Mr. Hodge thought that in horizontal direct-acting engines there 
was often a great error in not having sufficient length of bearing in the 
stuffiDg-boxes, and also in the pistons ; it was proved in practice that 
there was no disadvantage in a long-bearing piston if well made. He 
considered that long-stroke single-cylinder engines were the most econo- 
mical, and were. preferable wherever that form was admissible. 

The Chairman remarked that considerable economy was obtainable 
by a greater degree of expansion, even with the present pressure ; but for 
carrying out the principle thoroughly it was essential to obtain a con- 
siderable increase of pressure, and he thought it was very important for 
an advance to be made in that direction. 

Mr. Allen observed that doubling the size of the cylinders gave an 
economy of 29 per cent, with the same pressure as that generally used, 
35 to 40 lbs. per inch, which would be a very important improvement 
on the present working. There were several practical objections to the 
use of higher pressures of steam, and he was not prepared to recommend 
much increase at present. 

Mr. HoD'GE inquired what objections were generally advanced to 
the use of higher pressures ; he did not know of any really serious ob- 
jection, and thought the pressure might be much increased beyond the 
present average with important advantage in economy of power. 

Mr. Allen said the objections were mainly those arising from minor 
points of detail, such as priming and leakage of stuffing-boxes and boiler 
joints; these were practical difficulties which might very possibly be 
got over with further experience. 

The Chairman suggested that the general objection to high-pressure 
steam in marine engines was to be attnbuted to the circumstance of those 
connected with them not being so much accustomed to high-pressure 
steam ; there did not appear to be any sufficient reason why it should 
not be used as much in marine as in land engines, and particularly in 
locomotives. He thought the difficulties met with in connection with 
the boiler were such as ought to be got over, and would be set aside by 
engineers accustomed to construct high-pressure engines. 

Mr. Hodge remarked that marine engineers in this country had 
mainly contiaed their attention at present to low-pressure steam ; but 
in the large American steamers on the Hudson condensing engines were 

Q 
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worked with 70 lbs. steam, and a good yacuum of 28 inches was main- 
tained without difficulty with that pressure. Of the difficulties which 
were urged, priming he believed often arose from the steam-pipe from' 
the boiler being too small in diameter ; he had known cases where this 
had been the cause. The stuffing-boxes ought to give no trouble ; thej 
were always made steam-tight with high-pressure steam bj the Cornish 
engineers and in locomotive shops, and if not steam-tight in marine 
engines, the workmanship must be defective ; he thought the difficulties 
that had been referred to were such as might be easily got over. 

Mr. Allen observed that some difficulties might be treated as 
trivial in land engines, which became serious matters in the ease of 
marine engines, from the difference in the circumstances ; and in con- 
sidering the extension of expansion in the latter class of engines, it was 
necessary to fake account even of objections arising merely from minor 
poipts of detail. He anticipated that the first step towards improve- 
ment in marine engines would consist in using a higher degree of expan* 
sion with the present pressure of steam, and afterwards making trial of 
greater pressure^ High-pressure steam had been very little tried yet in 
marine engines, and had always been found troublesome ; he believed 
that some engines which had been originally constructed with high- 
pressure steam had been afterwards altered to low-pressure. 

The Chairman observed that the gun-boats lately made for the 
Baltic fleet had steam of from 501bs. to 60 lbs. pressure, working without 
condensing, and he understood they answered very well, and a still 
higher pressure would probably be tried. 

Mr. Shipton suggested that there might be some difficulty with 
the air-pumps shown in Mr. Allen's engine, from the speed, and the posi- 
tion in which tbey were placed. 

Mr. Allen remarked that such a difficulty would not affect the 
principle contained in his paper ; any other form of air-pump might be 
adopted, if desired ; but he did not think any difficulty was to be 
anticipated in working the air-pumps even at a higher speed than he 
had contemplated. 

The Chairman said he had recently seen engines that had worked 
at 130 revolutions per minute, in a vessel that had been out to Africa ; 
the air-pumps had common leather butterfly valves, very well made, and 
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DO difficulty had been experienced horn the high speed. He remarked 
that the great requisite for long voyages vras sufficient surface in the 
working bearings to prevent any tendency to heating, in order to allow 
the vessel to continue running several days without stopping. 

Mr. Shipton observed that the trunks shown in Mr. Allen's engine 
would increase the friction considerably ; he inquired whether any 
account had been taken of the increased friction in the calculations of 
the paper. 

Mr. Allen replied that the friction was not included in the calcu- 
lations, in order that they might be as general as possible, instead of 
being limited to a particular form of engine ; but he did not think it 
would materially interfere with the advantages of his proposed engine. 

Mr. Shipton observed that with the present construction of marine 
engines, the expansion, being performed in a single cylinder, must 
undoubtedly be more limited than in a compound cylinder such as had 
been proposed ; otherwise a shock would be caused to the wheels or 
screw at each stroke, by the great inequalities in the driving power ; 
and consequently, with a single cylinder, it was not advisable to cut off 
at a very early point in the stroke. 

Mr. Allen said that no great degree of expansion could be obtained 
in marine engines, except by dividing the process into two steps as in 
his proposed engine, by the use of double cylinders : it would be seen, 
by referring to the tables, that, with, 120 lbs. steam, in order to expand 
down to the lowest useful pressure, in the present engines it would be 
necessary to cut off at 1 -I8th of the stroke, which was quite impracticable 
in a single cylinder, on account of the variation in pressure being much 
too great to be admissible in marine engines ; it was only possible in 
such a case as the Cornish pumping engine, where great variation 
in power and velocity of piston was immaterial. But in his proposed 
engine this high degree of expansion could be obtained practically, by 
catting off at l-9th in the first cylinder and doubling the expansion 
in the second, or at l-6th in the first cylinder and expanding three 
times in the second. 

The Chairman inquired what degree of expansion was adopted in 
the large engines making at Soho for the great vessel of the Eastern 
Steam Navigation Company. 
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Mr. Garland said be believed it was not intended to work tbem very 
expansively, probably cutting off at about l-3rd of tbe stroke ; there 
were four cjlinders, 84 inches diameter, with a 4-feet stroke, and 
intended to work with about 25 lbs. steam above the atmosphere. 

The Chairman suggested that in many cases the use of 100 lbs. 
steam without a condenser might be practically as economical as 50 lbs. 
steam with a condenser, and would have the advantage in simplicity 
and compactness. 

Mr. Allen thought that condensing was preferable in all cases, and 
recommended the use of 40 lbs. to 50 lbs. or 60 lbs. steam rather than 
a higher pressure ; the steam to be expanded down to 5 lbs. He 
showed by a table that when the expansion was carried down to 5 lbs. 
above a vacuum, there was practically very little margin left for further 
economy, and the moving power was then very nearly counterbalanced 
by tbe friction and the back pressure of the condenser. 

The Chairman remarked that their late member, Mr. W. Smith, of 
Dudley, had given a valuable contribution of actual results of the working 
of engines in the mining district, and he hoped some members would 
take up the subject in its different branches, to carry out the inquiry 
that had been so well commenced. The working results of the Cornish 
engines had been carefully attended to, and constant returns and com- 
parative statements were prepared, with remarkable advantage to the 
owners, in the practical economy resulting from the plan ; and there 
would doubtless be found great advantage also in the extension of the 
plan to other classes of engines. His own conviction was that it 
would be necessary in many cases of marine engines, particularly "in 
screw steamers, to use a much higher pressure than was at present 
employed ; the objections of engine-makers to attempting the use of 
high-pressure steam arose from the several practical difficulties that had 
then to be encountered, but he did not see any reason to doubt that 
these might be satisfactorily surmounted, by further endeavours and 
improvements in construction or arrangement. The great importance 
to the employers of steam power of an extension of the expansive 
principle, in point of economy of power and increase in the cargo space 
available in the vessels, had been strikingly shown in the able paper 
that had been read to the meeting. 
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He expressed a hope that the views advanced in the paper might he 
carried out practically, and proposed a vote of thanks to Mr. Allen for 
his paper and tahles, which was passed. 



The following Paper, by Mr. Charles Beyer, of Manchester, was 
then read : — 

DESCRIPTION OF AN IMPROVED TUYERE AND 
SMITHS' HEARTH. 

The present paper and accompanying drawings show the con- 
stniction of a Water Tuyere, referred to by the author at a former 
meeting of the Institution, as having been adopted by him at his 
own works at Gorton, near Manchester, and found to work very 
satisfactorily. This construction was first proposed to him several 
years since, by his present foreman, Mr. John Nuttall, who designed 
and carried it out about fourteen years ago at Messrs Jones, Turner, 
and Evans' works, at Newton, Lancashire, in consequence of great 
diflBculty having been experienced there in keeping the smiths' fires 
at work, from the frequent failures of the tuyeres, which were the 
ordinary water tuyeres. The water pipes, used in that construction 
of tuyere, became choked by the quantity of sediment in the water, 
and the nozzles were so frequently burnt out, as to cause senous 
delay and expense by the stoppage of the fires. Larger water pipes 
were tried, up to lin. and l^in. bore, but without overcoming the 
difficulty. A cast-iron tuyere was then suggested by Mr. Nuttall, 
and after various modifications he arrived at the form shown in Fig. 4, 
Plate 19, which was found quite successful, and was gradually 
adopted throughout the shop, in replacing the ordinary tuyeres when 
worn out. 

The first tuyeres were made very thick at the nozzle end, from 
l^in. to l^in., with the view of providing for their burning away; 
but these were found to be liable to crack at that part, from unequal 
expansion, and the thickness was therefore gradually diminished, 
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until the casting was made of the same thickness of metal through 
out, namely, about fin. 

Figs. 1, 2, and 3, Plates 18 and 19, show an improved arrange- 
ment of Smiths' Hearth, which has been found to possess some 
advantages, and has been adopted by the author in the erection of 
his own works, in connection with the improved construction of 
tuyere just described. 

Fig. 1 is tf longitudinal section of the double hearth and tuyere. 

Fig. 2 is a transverse section of the hearth, showing the tuyere 
in elevation. 

Fig. 3 is a sectional plan of the double hearth. 

The tuyere A (of which a specimen is exhibited), consists of a 
single casting, |in. thick, bolted to the front of the water-cistern B 
by a flange, and connected with the elbow-pipe C by a socket-joint 
packed with hemp ; the elbow-pipe is bojtod by a flange to the bot- 
tom of the cistern, and the branch-pipe D, from the air-main £, is 
bolted on below. An iron slide F is inserted at this joint to form 
the blast regulator. The flange joints are all made with a washer 
of soft wood, about fin. thick, which allows of fixing them water- 
tight without any fitting; and by having all the bolt-holes marked 
out from the same templet, any tuyere can be quickly and effectually 
refixed, or changed for a longer or shorter tuyere, as required, to 
suit any particular work, since the wood packing readily accom- 
modates itself to any inequalities in the castings. 

For simplicity and compactness of construction, the water-cistern 
B is made to form the back of the hearth, as shown in Figs. 1 and 3, 
and the blast being brought in from below, there is no loss of space 
between the backs of the hearths, and the two cisteiiis can be placed 
close together, back to back. This arrangement causes an important 
saving in shop-room, as the extreme length, firom front to front, of 
a pair of hearths may be reduced to 1 2ft. The breadth of the hearths 
has also been reduced to 3ft. 9in. outside, which is found to be a 
great advantage, as it allows the smith to stand closer to his work, 
and enables him in many cases to lift work by hand, which, at a 
common hearth, would require him to use a porter-bar. 

Each hearth is provided with a screen G of thin sheet-iron on the 



IMFROYBD TUYSRB AND HEARTH. l27 

right-hand side, which can be filed and removed at pleasure. The 
ehimnej H, which is 15in. m diameter, is made of wrought-iron, and 
is lighter, less bulky, and not more expensive than a brick chimney. 
The chimney H and hood I, are carried by two cast-iron standards 
EK^ which also support the water-cistern B ; tliese are bolted down 
to the bedplate L, which forms a complete base to the hearths, and 
serves as a cover to the opening of the air-main E, the two branch 
air-pipes DD being bolted upon it by flanges. An opening M in the 
front of the bed-plate leads to the ashpit N. The back of the hearth 
above and below the water-cistern B is formed by a 4^ in. brick wall 
between the standards KK. 

By this arrangement, a simple, economical, and durable hearth is 
obtained, and one which allows easy access to all parts. The author 
erected 26 of these hearths about 10 months ago, and they have 
worked up to this time to his entire satisfaction ; the tuyeres and 
water-backs continue sound, and do not show the least appearance 
of failure. 

A circular hollow fire, constructed for heavy wheel forging at the 
author's works, is shown in Figs. 6 and 6, Plate 20. 

Fig. 5 is a vertical section, and Fig. 6 a sectional plan, taken 
through the tuj'ere. 

This fire consists of an annular cast-iron water-cisteni 4 ft, B. 
6 in. outside diameter, with three tuyeres AAA fixed in it, of 
the same construction as that already described. Underneath the 
cistern is a wrought-iron air-chamber O, connected with the tuyeres 
by the elbow-pipes CCC, and communicating at P with the air-main 
E ; the blast is regulated, as before, by the iron slides FFF. The 
water-cistern is lined with fire-brick R, which is contracted towards 
the top, so as to concentrate the heat ; the firebricks being moulded 
can easily be renewed when required. The top of the cistern and 
fire-brick lining is lowered at S, to form an opening for the con- 
venience of the workmen when heating any very heavy forging. The 
cinders are dropped down by means of a flap door T, into the ash- 
pit N, from which they are removed through the trap door M. 

Fig. 7 shows an enlarged section of the tuyere A. 

With this fire an intense heat is obtained in the boss of the wheel 
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to be welded, which is placed over the opening, whflst the surround- 
ing spokes are thoroughly protected from the action of the fire by 
the hearth being entirely covered in, except at the point where the 
heat is required. This heartli has the advantage of being small and 
compact, and without any projections from the circle ; it thus enables 
tlie men to get close to the work all round. 



A specimen was exhibited of the improved tuyere, with the wood 
pacldng. 

The Chairman thought the form of hearth shown was a very good 
one, compact and well arranged for working, and economical in make ; 
and tbe tuyere was certainly a very simple construction. 

Mr. Shipton said he had seen the hearths at Mr. Beyer's works, aud 
they were found to work satisfactorily ; he thought it was a good 
arrangement. 

Mr. Wright considered there was an advantage in the water 
cistern fonning the back of tbe fire, which was not in the other forms 
of hearth shown at the former meetings, and it made a very compact 
and convenient hearth. 

Mr. Shipton observed that Messrs. Dunn, of Manchester, also used 
the water tank to form the back of tbe fire ; and he had a hearth at his 
own works on the same plan, which made a very durable job. 

Mr. Hodge thought tbe circular fire was a very good idea ; he had 
also seen a very good circular hearth in general use in America for 
anthracite fires, which had a central blast entering at the bottom of tlie 
fire ; this was found to have an important advantage over the ordinary 
plan of blowing on one side, where the iron was heated only on one side 
at a time, and required to be constantly turned round. He had a circular 
fire at work on the American plan, aud was surprised they were not 
generally adopted in this country, as there was a great practical 
advantage in the plan. 

Mr. Shipton thought there would be an advantage in the circular 
fire for ordinary work as well as heavy wheel work, as in tbe ordinary 
fires the time and work lost by turning the iron round in the fire, in 
order to heat it equally on all sides, were considerable. 
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Mr. Of JFT inquired whether a thicker fire was required to prevent 
the coals being blown up, when a verticali blast was used, as in the 
American anthracite fires that had been mentioned. 

Mr. HoDOE replied that no thicker fire than usual was needed ; the 
force of the blast in entering was regulated by a throttle-valve on a 
horizontal spindle ; this was placed in a central hole at the bottom of 
the fire, and by turning it round occasionally the smith could drop the 
ashes settled at the bottom of the fire into a chamber below the valve, 
into which the blast entered at the side of the chamber, leaving space 
enough below for the ashes, which were cleared out usually at the end 
of the day, or oftener if required. By this arrangement all diflBculty of 
keeping the tuyeres clear was obviated. 

• The Chairman then proposed a vote of thanks to Mr. Beyer for his 
paper, which was passed. 



The following Paper, by Mr. John E. Clift, of Birmingham, was 
then read : — 

ON AN IMPROVED PRESSURE GAUGE FOR STEAM 

AND WATER 

The Pressure Gauge which is the subject of the present commu- 
nication is the invention of Mr. James Webster, of Birmingham, 
and appears to possess some practical advantages deserving of 
notice. 

The Gauge acts upon the principle of a circular elastic plate 
receiving the pressure on one side, the plate being fixed round the 
circumference, and registering the amount of pressure by the extent 
to which it is displaced or bulged in the centre. The extent of 
xno4tcH9' of tiie plate is multiplied by a simple contrivance, and com- 
municated to an index, which shows the amount of pressure by its 
revolution round a dial. 

This pressure gauge differs from others acting upon the same 
principle, mainly in the increase of the area of the plate upon' which 
the pressure acts and in the mode of multiplying the motion, which 

R 



laO FRSSSURS QAVQE. 

appears to possess some advantages in simplicity, directness of 
action, and durability of the parts. 

The construction of the gauge is shown in the accompanying 
drawings, Figs. 1, 2, 3, and 4, Plate 21; specimens are also 
exhibited of the different forms of the gauges, complete, and with the 
outer case removed to show the interior. 

Fig. 1 is a front elevation of a pressure gauge for steam or water, 
extending up to 200 lbs. per square inch, drawn one quarter full 
size. 

Fig. 2 is a sectional elevation of the same with the dial removed* 
drawn half full size. 

Fig. 3 is a longitudinal section of the gauge, half full sise. 

A is the pressure plate, consisting of a circular flat plate of 
tempered spring steel. No. 18 wire gauge, or about l-20th indi 
thickness, and 4 inches clear diameter, or 12^ square inches area, 
in the central unsupported portion upon which the pressure that 
has to be measured acts. 

This plate is fixed in a circular cast-iron frame BO by screws 
round the circumference, which press the outer ring upon the 
plate, and make a tight joint at the back of the plate by means of a 
thin washer of vulcanised india-rubber. 

The back part B of the case has a shallow recess, 4 inches 
diameter, communicating by a channel D with the stop-cock £ at 
the bottom of the gauge ; and this recess becomes filled with water, 
from condensation of the steam, when employed to measure steam 
pressure, and always remains full of water on account of the chan- 
nel D entering at the top of the recess, thus preventing the direct 
contact of the steam with the pressure plate A. 

A small steel stud F is fixed in the centre of the plate A by a 
screw and nut, and is formed with a knife-edge bearing at the top, 
pressing against the back of the lever G ; this is centred on a 
bracket H at one end, and presses upon a second lever I by a knife- 
edge bearing at the other end. 

The sliding bracket H, on which the lever G is centred, is fixed 
by a screw upon the ring C, and has an adjustment by a slot, as 
shown in Fgi.2, by means of which the length of the short end of 
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the lever frdm the point of contact of the centre stud F can be in- 
creased or dimimshed as may be required. 

The lever I terminates in a fork which works up and down the 
centre spiral L, upon the extremity of which is fixed the index 
revolving on the face of the dial. 

The fork at the end of the lever I is shown detached in Fig. 4, 
«nd is sMideof two tapered steel rods which enclose the spiral L, and 
press lightly against H by their elasticity ; the ends of the rods 
being steadied by a small clip joinhig them together. 

The spiral L makes one turn only in its whole length, and 'is 
gradndly tapered and shortened in the pitch towards the outer end, 
so as to adapt it to the motion of the levers, and give a uniform 
division fc^* the successive pressures indicated upon the dlaL 

When the pressure is admitted to act upon the back of the sted 
pli^ A,1iie plate becomes convex, rising in the centre and pressing 
by the knile-edge stud F upon the lever G, which multiplies the 
motioft 4 times ; and this pressing on the second lever I again 
multiplies the motion 4 times (being 16 times total) at the end of 
the fork actkifg on the spiral L. Thre fork in traversing the length 
of tile spiral, Ifth inch, turns the index entirely round the dial, 
in a circle of 16 inches circumference. The total amount that the 
pressmre plate is raised or bulged to produce this motion of 16 
inches is l-16th of l^th inch (the latter being the motion of the 
fori&ed end ot the second lever), amounting to l-14th inch at the 
centre of the plate, or *07 inch. 

When the pressure is removed, the plate returns to its original 
position, and becomes again quite flat, and the levers are retained 
in dose contact throughout by the spring M pressing on the second 
lever I, and brining the index back to zero. 

In this pressure gauge the working parts are all of comparatively 
large size, having consequently an advantage in strength and dura- 
bility; they have also great simplicity in construction and action, 
and appear very free from liability to derangement or accident. 

The pressure plate A consists of a simple flat disc, and this form 
IS considered by the inventor, from the results of his experiments, 
to have a practical advantage over corrugated plates, which hav^ 
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also been extensively used for the same purpose, on account of the 
uniformity with which the flat plates can be tempered, whilst the 
corrugated plates are liable to have an inequality in the tempering, 
the more exposed portions at the tops of the corrugations being 
liable to be softer than the intermediate portions. 

To meet the unavoidable variation in the tempering and resist- 
ance of the steel plates, even when plain flat plates are used, the 
position of the fulcrum of the first lever G is shifted by moving the 
sliding bracket H, by means of which the range of the instrument 
can be readily adjusted. Each gauge is separately adjusted in this 
way, by the application of actual pressure, so as to ensure accuracy 
of the indication in each case. 

The steel plates are all capable of standing more than double 
the pressure indicated by the extreme range of the dial, without 
receiving any permanent set ; and it appears firom an extensive 
series of trials made by the inventor, that no perceptible change 
of elasticity is produced by long exposure to alternations of pressure 
and continued pressure within the limit. 

A difierent thickness of plate is employed for gauges having 
diflerent ranges of pressure, the area of plate exposed to the' pres- 
sure being the same in all cases, namely, 12|> square inches. 

No. 18 wire gauge, or about l-20th inch thickness, is employed 
for pressure gauges extending to 200 lbs. per square inch. 

No. 20 wire gauge, or about l-dOth inch thickness, for 60 lbs. per 
square inch. 

No. 28 wire gauge, or about l-40th inch thickness, for 20 lbs. 
per square inch. 

The extreme deflection of the plate in each case is only about 
*07 inch, or little more than l-16th inch. 

The following results have been obtained by trial of the plates 
under successive pressures by a hydraulic press, the pressure being 
measured by weights upon a lever multiplying 4 times. 

A modification of this pressure gauge is shown in Figs. 6, 6, and 
7, Plate 22, and the specimens exhibited, in which a spring is em- 
ployed to measure the pressure at the end of a safety valve lever. 
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as in an ordinary spring balance, and the indication is multiplied 
by means of the spiral L, without the intervention of any lever. 
The spiral is moved by the forked rod I, and the motion is com- 
municated to the revolving index by the bevilled pinions 0. 

A considerably stronger spring than usual is employed in this 
case, having only 1 ^ inch extent of motion, which is multipUed to a 
circumference of 12 inches upon the dial. 

The advantage aimed at in this balance is that the spring does 
not require to be extended so much as in the ordinary balance, 
owing to the introduction of the multiplying spiral, and conse- 
quently the steel being less strained is less liable to a permanent 
set in the course of long work ; also the indications of pressure are 
rendered more plainly visible by the motion of the index upon the 
dial. 



tS4 PRESSURE GAUGE. 

Another adaptation of the spiral is shown in Figs. 8 and 9, Plate 
522, and specimen exhibited, where the spiral is applied to the indi- 
cation of the level of the water in a boiler or a tank. 

A hollow copper float P lies upon the water, the lever of which is 
attached to a forked lever I at right angles to it, which works upon 
the spiral L; and as the float sinks with the water, the lever I acting 
upon the spiral L causes the index to revolve upon the dial. 

The forked end of the lever I working loosely upon the spiral, and 
the continual motion of the water in the boiler keeping the float 
and spiral in constant action, prevent any tendency to stick fast; and 
the friction is confined to the small conical collar on the spindle of 
the spiral passing through the side of the boiler, by means of which 
the joint is kept tight by the internal pressure. 

This water gauge has an advantage over the ordinary glass gauge 
in the indication being always readily seen, as when the water 
becomes muddy or the glass soiled the level is not so easily ascer- 
tained in the tube ; also by enlarging the diameter of the dial, each 
inch of variation in the level of the water in the boiler can be mag- 
nified to two inches, or more if desirable. 



A specimen of the pressure gauge was exhibited, and put in action by 
means of a force pump ; also specimens showing the construction of the 
gauges, and the steel plates that had been experimented upon. 

The Chairman remarked that he had tried the improved spring 
balance that had been described, audit was certainly more plainly visible 
in the indications of pressure than the ordinary Salter's spring balance, 
but he did not see that it was superior in accuracy or durability of the 
spring ; he had had balances of Salter's indicatiug up to 180 lbs,, and 
they were not found to get set. 

Mr. Cmft considered Salterns balance was liable to get out of order, 
ewing to the extent to which the spring was stretched, which caused it 
to be liable to be sometimes strained, and consequently rendered 
maccurate ^ he thought the small extent of motion in the improved 
spring balance would prevent the spring from getting set at all. 
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The Chairman did not think too great an extent of motion was 
allowed to the spring in Salter's balance, as he had not found anj cases 
of these balances becoming set and thrown out ofacyostment, even after 
being a long time in use ; the springs were very excellently tempered, 
and the least likely to get out of order of any that he had tried. 

Mr< Joy observed that range of indication was not the only requisite 
in a spring balance, but also range of lift for the valve itself, to give 
froe relief to the steam blowing off; if the range were shortened, there 
would not be sufficient area of escape for the surplus steam, and the 
pressure would rise considerably beyond the limit intended to be used. 
He had known the pressure rise 25 lbs. during blowing off, and in one 
case where 2^ inches range of ^ring had been allowed lor a limit of 
120 lbs. pressure, the increase had been 20 lbs. during the blowing 
off 

Mr. Wbbstbb remarked that the dial might be adapted to any range 
of spring that might be required, by simply increasing the pitch of the 
multiplying spiral. 

Ur. Hoi>GE thought that the Diaphragm pressure gauges, registering 
by the deflection of a circular steel plate, such as Schaeffer's and the one 
described in the paper, were quite equal to any in use ; the arrangement 
in Mr. Webster's gauge appeared very good, and had some decided 
advuitages over the other kinds of gauges in use. 

Mr, Webster observed that the principal feature in his own gauge 
was the use of a larger and stronger diaphragm, in consequence of which 
the extent of motion and strain upon the particles of the plate was so 
much diminished, that the risk of permanent set by constant use was 
prevented. 

The Ohaiiiman asked to what extent the steel plates were tempered. 

Mr, Webster replied that they were first hardened, and then tern- 
pared down to just below a straw colour, so that the file would just touch 
them ; the gauge was then adjusted to the elasticity of the plate, 'by 
meansof the moveable slot carrying the end of the first multiplying lever. 
All the plates were proved by a hydraulic press up to double the pres- 
sure they were required to register. 

Mr. Shipton inquired whethw the india-rubber cloth at the back of 
the plate, being an elastic material , was not found to yield after wear, and 
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affect the fixing and adjustment of the pressare plate ; and he asked 
whether the gauge hadheen tested by continual exposure to high-pressure 
steam for a considerable time. 

Mr. Websteb stated that the india-rubber cloth was used only for the 
joint at the back of the pressure plate ; tin and lead had been tried, but 
the cloth was found to be preferable, and either a complete disc or an 
annular ring was employed. The doth got fully stretched during the 
testing of the plate, and so did not yield any more afterwards ; the 
thickness in the joint was so small that it could not alter. Each 
gauge was tried, when made, by subjecting it repeatedly to a pres- 
sure double of that at which it was intended to be worked, which would 
thoroughly bring all the parts to a bearing. He had tried a gauge under 
a constant water-pressure of 150 lbs. per inch for 3 days successively, but 
did not find any yielding of the india-rubber joint. 

Mr. BoFB inquired whether the india-rubber cloth was not liable to 
get burnt by the high temperature of the steam. 

Mr. Websteb replied that in consequence of the back of the gauge 
being always kept full of water, by means of the syphon passage for the 
admission of the steam, the pressure plate was always protected from 
contact of the steam, and consequently remained cool, so that the cloth 
was not injured. 

The Chairman remarked that the present pressure gauges were 
sometimes found to lose their elasticity, and inquired whether this was 
not the case also with Mr. Webster's. 

Mr. Websteb answered that when the plates were made of proper 
thickness, suitable to the pressure required, and well tempered, they 
retained their elasticity, and exhibited no tendency to a permanent sat 
after long-continued use. The plate exhibited, which had a permanent 
set of 08 inch, had been made of too thin metal; and that which was 
burst had been tempered too hard. The tempering of the jdatea 
required great accuracy and certainty in pressure gauges, and iim 
could be more perfectly accomplished with the thicker plain plales that 
he employed, than with the thinner corrugated plates, which he had 
found liable to be rather softer at the tops of the corrugations than 
at the intermediate portions. The thinner plates were also more liable 
to set than the thicker ones, and by using the plates of No. 18 wire 
gauge the tendency to a permanent set was entirely removed. 
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Mr. Hodge stated that the Russian engineers appeared to he in 
favour of diaphragm gauges, as circular steel plates had heen adopted 
for the Government pressure gauges ; the plates were of large size, he 
helieved 9 or 10 inches diameter. 

Mr. CuFT remarked that in Schaeffer's pressure gauge, the disc, of 
about 24 wire gauge, was corrugated in circular corrugations, but in 
the one described in the paper, the disc was flat and about three times 
the area. The flat discs could be tempered uniformly throughout, and he 
had been struck with the perfection with which they retained their 
elasticity in the several severe trials. He mentioned that the pressure 
gauges were being manufactured by Messrs. Gray and Bailey, of 
Birmingham. 

Tlie Chairman observed that the uniform temper of the elastic 
plate was a point of great importance for ensuring permanent accuracy, 
and he thought this advantage, and the simplicity of its construction, 
rendered the gauge a very serviceable instrument. He proposed a 
vote of thanks to Mr. Clift for the paper, and to Mr. Webster for his 
specimens, which was passed. 



The following Paper, by Mr. Thomas Richards, of Birmingham, 
was then read : — 

ON AN EQUATORIAL MOTION FOR TELESCOPES. 

The object of the apparatus that forms the subject of the present 
paper, is to provide the means of giving a self-acting Equatorial 
Motion to an ordinary telescope, so as to enable the observer to keep 
any celestial body in the field of view, by a simple and inexpensive 
addition to the ordinary telescope and stand, and without requiring 
a previous knowledge of the position of tlie true meridian, or the 
latitude of the place of observation. The only method hitherto of 
accomplishing this object, has been by means of a permanent fixed 
axis, set parallel to the earth's axis, as is the case in fixed obser- 
vatories, where both the position of the tine meridian and the 
latitude of the place of observation have been previously ascertained ; 



138 EQUATORIAL TELESCOPE. 

but with the apparatus about to be described, the preparation of the 
instrument occupies only a few minutes, and can be readily 
effected at^'the time by any observer. 

This apparatus may consequently be not inappropriately called 
•^the Portable Observatory," as it enables any one possessing an 
ordinary telescope mounted on a tripod stand to make a continuous 
observation of a celestial body, wherever he may happen to be, with- 
out having to touch the telescope after having once brought the 
object into the field of view. 

The apparatus complete is before the meeting, and is also repre- 
sented in the drawings, Plate 33, Figs. 1, 2, and 8. 

In order to obtain an equatorial motion for the telescope, the 
first thing to be done is to set the axis about which it is to turn 
truly parallel to the earth's axis, because then any point in the axis 
of the telescope itself will move truly parallel to the equator, at 
whatever elevation the telescope may be set 

For this purpose, on an ordinary tripod stand A, Figs. 1 and 2, 
is mounted a tube B, shown in section, in such a manner as to 
admit of both a horizontal and vertical angular motion, both of which 
can be firmly clamped in any position. In order to adjust the 
instrument suitably for the equatorial motion required, a small finder- 
telescope is first inserted in the tube B, being made to fit it 
accurately by means of bell-metal collars fitting into corresponding 
bearings at the ends of the tube. The diaphragm which circum- 
scribes the field of view of the finder has its centre, of course, in the 
axis of the finder ; its diameter is 2** 67', being double the north 
polar distance of the Pole star ; consequently the field of view of 
the finder, shown by the dotted lines in Fig. 2, takes in a circle 
exactly equal to that apparently described by the Pole star round the 
pole ; and therefore, when the circle described by the Pole star 
coincides with the circumference of the field of view of the finder, 
the axis of the finder will be parallel to that of the earth. 

In order to make the circle described by the Pole star coincide 
with the circumference of the field of view of the finder, a small 
brass sector or arm D, shown in elevation in Fig. 3, is slipped over 
the finder, as shown in Fig. 2, having two small holes in it, and a 
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narrow radial or longitudinal slit, which serves the purpose of an 
index. When two of the stars of the Great Bear constellation, namely, 
€ and ^ UrsflB Majoris, are seen through the two small holes of Uie 
sector, hy the eye of the observer at E, then the longitudinal slit or 
index points out that point of the edge of the field of view of the 
finder, to which the Pole star must be brought, by adjusting the 
finder by hand. This point will be apparently the one on Uie same 
side as the two stars 6 and ^, since the position of the Pole star, 
which in reality is on the opposite side of the pole to the two stars 
above named, is inverted by the finder, which is a small ordinary 
astronomical telescope. When the finder is so adjusted that the 
Pole star is seen at the point thus indicated, at the same time that 
the two stars 6 and ^ are seen through the two holes in the sector 
D, then the axis of the finder, and consequently of the tube B encas 
ing it, is parallel to the earth*s axis. The horizontal and vertical 
motions of the tube B are then clamped. 

The accuracy of the adjustment may be tested by turning the 
finder round its own axis, when the Pole star ought to remain 
stationary at the same point in the circumference of the field of view. 
If this be not the case, the adjustment must be corrected according 
to the deviation of the Pole star from a stationary position. 

The finder C with the sector D is now removed, and the axis F of 
the large telescope G is inserted in the tube B, as shown in Fig. 1 . The 
axis F is made to fit the tube accurately, in the same manner as the 
finder C, by means of bell-metal collars fitting accurately into the cor- 
responding bearings at the ends of the tube. Any point in the axis of 
the telescope will now move truly parallel to the equator, whatever 
inclination it may have to its axis F; and consequently, when directed 
to any celestial body, it will truly follow the apparent course of that 
body, if turned round about the axis F at a fixed inclination and at a 
suitable uniform rate of motion. 

To produce the required motion, the Right Ascension Circle or wheel 
H is fixed on the end of the axis F ; and underneath the stand A is placed 
a cylindrical pan of water I, containing the float K, the gradual descent 
of which, as the water runs out, communicates motion to the right ascen- 
sion circle H, by means of the cord L passing over the pulley M. The 
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water runs out of ihe pan I through the syphon N, which is carried hj 
the float K, so that the surface of the water is lowered at a uniform rate, 
the syphon descending with the water. This portion of the apparatus 
is, in fact, simply a revival of the ancient clepsydra. 

The right ascension circle H has two grooves on its rim, the upper of 
which is exactly 24 inches in circumference, and the lower 25 inches 
nearly, these numhers being in the proportion of the sidereal to the 
mean lunar day. If the motion of the moon is to be observed, the 
cord L is placed in the lower groove ; if that of a star, in the upper ; it 
is slightly tightened in the groove by means of a small clamp, and the 
loose end hangs by a plummet over a pulley fixed in one of the legs of 
the stand. The thickness of the cord should be twice the depth of the 
grooves. The pulley M can be raised and lowered, so as to be always in 
the plane of the right ascension circle H, when the latitude of the place 
of observalion is changed. 

The pan I is about 18} inches in diameter; it contains 96i pints 
in a depth of 12 inches. This quantity of water should be run off by 
the syphon N in 12 sidereal hours. The rate (which should be adjusted 
while the telescope is in motion) is determined by raising or lowering the 
syphon by means of a rack and pinion fixed to the float K. When ad- 
justed, the syphon must deliver 1 gallon in 1 mean solar hour, or I pint 
in 7J minutes. 

When the syphon is firet set in action, no motion will be imparted 
to the telescope, until the cord L is stretched suflBciently to overcome 
the friction of the collars of the axis F in the tube B, and the inertia 
of the instrument. A stop-cock O is therefore provided, which is opened 
just at starting, thereby causing the float to sink rapidly; as soon 
as the body to be observed appears in the centre of the field of view, the 
stop-cock is closed, and then the action of the syphon alone gives suffi- 
cient motion to the telescope to cause the body to remain apparently 
stationary in the field of view. 

As it is found that differences in the temperature of the water occasion 
some little variation of rate in the quantity delivered by the syphon, the 
rack and pinion should be graduated for such differences ; or a self- 
regulating clepsydra might be constructed, either by using two cisterns 
and two syphons, one of the latter acting as a supply-pipe to the cistern 
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containing the float connected with the telescope, in which case, since 
the difference in temperature affects both syphons alike, the difference 
in the rate of flow through them, which determines the rate of descent 
of the float, remains constant ; — or if one cistern only be used, by a 
thermometer carrying a piston attached to the syphon, the bulb of the 
thermometer being fixed underneath the float. 

If the telescope be not well balanced about its centre. of gravity, more 
or less weight will be required to move it, as its direction is varied, and 
consequently its motion will not be uniform. If, however, the float cover 
a large surface of water, and the syphon when adjusted for the mean 
temperature be immersed to some depth below the surface, no percep- 
tible variation of rate will be occasioned. 

The action of the clepsydra produces a smoothness of motion not to 
be surpassed, and might be adapted with advantage to the requirements 
of an observatory, more especially as its rate may be so readily brought 
under the immediate control of the observer. 

It is to be remarked, that, independently of its application to 
the production of equatorial motion, the instrument above described, 
or more correctly the portion first described and exclusive of the clepsydra 
and of the parts connected with it, is designed to show a new and simple 
method by which an extended wire, the axis of a tube, or of a telescope, 
may be made parallel to the earth's axis, to a suflBcient degree of accuracy 
to render it available for astronomical observations. 

Other simpler forms might be adopted, by which one telescope only 
need be used, or a telescope and its finder ; in the latter case, the finder 
having a field of view of 2° 57' would enable the observer to determine 
the polar axis, and might be so mounted as not to require to be removed 
when the adjustment had been made. Where very powerful telescopes 
hxe used, the smaller one, for finding the polar axis, might have a field 
of view of 3®, and the exact position of the Pole star within the circum- 
ference might be determined by a micrometer adapted for the purpose . 
this would admit of the requisite correction being made for refraction. 
Such a telescope, attached in the same manner as a finder to the present 
Polar axes in observatories, would serve to test the accuracy of their 
position ; while in Fraunhofer*s form of Equatorial, (which is so arranged 
that the telescope will reach every part of the heavens without being 
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interrupted by the framing or stand on which it is carried,) it might be 
substituted for the Polar axis, whereby the optical axis of one telescope 
would be made the fixed axis, about which the other telescope would 
revolve. 



Mr. Hopkins exhibited his instrument to the meeting, and 
illustrated the method of adjustment, and mode of action. 

The Chairman observed that it was undoubtedly a great advan- 
tage to be able to obtain a self-acting motion for an ordinary tele- 
scope, and by such as imple method as that proposed, the gradual 
descent of the water in tho cylindrical pan, which was a beautiful 
mechanical contrivance for obtaining a regular and steady motion ; 
and the addition of the apparatus to the ordinary telescope would 
greatly extend its utility. 

Mr. Hopkins said he had found the instrument of great use iu 
observations on the celestial bodies, and it answered the purpose 
intended very completely ; the rate of the syphon was in practice 
set slightly slower than that of the stars, so that in case the observer 
left the telescope for a time, and on returning to it, found that the 
body he had been, observing was no longer in the field of view, he 
would know that it must be in advance of the telescope, and he had 
simply to open the cock at the side of the pan, and run off a little 
more of the water, when the telescope would directly overtake the 
body, and the latter would again ^pear in the field. The two 
grooves iu the right ascension circle enabled the observer to adapt 
his telescope to the moon or the stars, with the same adjustment of 
the syphon ; if there were only one groove, the syphon would have 
to be readjusted separately for the moon and stars, which would be 
a troublesome process. 

The Chairman asked whether a very large quantity of water 
would not be required, or a frequent filling up of the cistern, in the 
case of large instruments, in order to overcome the variable friction 
of the moving parts, and insure a steady motion; if this were re- 
quired, the apparatus would then become inconveniently large. 

Mr. Hopkins replied that where large telescopes were used, they 
might easily be so balanced about the axis of motion, as to render the 
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friction to be overcome by the descoDding weight very nearly uDiform. 
In the case of large instruments, he woald also propose placing the 
syphon in a large detached tank, in any convenient protected situation, 
and connecting the water by a guttapercha tube with tlie small pan 
attached to the telescope to impart the motion. 

The Chairman inquired whether difference in the temperature of 
the water did not affect the motion communicated to the telescope. 

Mr. Hopkins stated that he had found by careful experiment that 
the difference of temperature had no perceptible effect, when the bore 
of the syphon was more than ^ inch in diameter ; but when less than 
that, the difference did affect the rate of flow through the syphon. With 
a syphon 3- 16ths inch bore, at 62^ Fahr., I pint of water flowed through 
in 161 seconds; but at 82^, the same quantity flowed throu^ in 134 
seconds ; being a diminution of 17 seconds in the time, for an increase 
of 20® in the temperature. 

Mr. OsLEB said he had seen the apparatus in operation on the 
previous day, and its action was very perfect and steady ; h6 thought a 
simple and inexpensive equatorial motion was a great desideratum for 
ordinary telescopes ; the clock-motion that was employed for the purpose 
was expensive, and beyond the reach of observers in general. This motion 
was genera,lly adjusted slightly too fast, and was retarded byaeheck-string 
held in the observer's hand, whenever required to bring the object into 
the field of view ; in Mr. Hopkins* apparatus, the adjustment was effect* 
ed in the contrary way, by accelerating the motion when required by 
means of the regulating cock at the bottom of the pan. The objection 
most likely to be made to Mr. Hopkins* plan was that the water would 
freeze, when observations were made out of doors, as was most convenient 
inmany cases ; but this might not prove any serious difficulty. In an 
observatory, the temperature might be kept up by uliflcial means, but 
this was objectionable, for the reason that the heated air, rising from the 
room, caused a flicker in the field of view. He suggested that the differ- 
ence in the velocity of flow through the syphon, under different temper- 
atures, was due to the difference in the density of the water, l^e water 
becoming more fluid as its density was diminished by heat, and more 
viscid as it was increased by cold. 

Mr. Hopkins said he had never experieiMsed any difficulty from 
the freezing of the water, and in ordinary cases it was not likely an ob- 
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server would remain at the instrumeDt so loDg as would be requisite 
for the water to be cooled down to the freezing point ; and even if 
it were desirable in severe weather to provide specially against this, 
it could be readily done by the addition of a little hot water in the 
pan, to raise the temperature at first ; and the only inconvenience 
resulting would be the slight diminution in the rate of motion as 
the water cooled, which would be an error on tlie right side, as it 
would be instantly rectified by slightly opening the extra discharge 
cock at the bottom of the pan. 

Mr. S. Llotd, jun., suggested that salt water might be used in 
the pan, as less liable to freeze. 

Mr. Hodge thought the apparatus was very ingenious, and a 
beautiful mode of giving a smooth regular motion ; he did not think 
any difficulty from freezing need be apprehended, as vaiious liquids 
might be employed, such as a mixture of alcohol and water, which 
would prevent the risk of freezing. 

Mr. W. B. Wills said he had had an opportunity of examining 
the instrument in operation, and had been much surprised and 
pleased with the perfect uniformity of motion communicated by the 
flow of the water; uniformity of movement having been obtained, he 
thought that the action of the machine would be smoother than that . 
of any clock-motion. He had not had an opportunity of observing a 
star Yfiih the instrument, but had watched its steady and almost 
imperceptible motion in traversing across a stationary object. 

The Chairman remarked that it was essential that the body 
observed should appear quite stationary in the field of view, which 
could only be effected by securing a perfectly uniform and steady 
motion for the telescope, and this appeared to have been effectually 
accomplished by Mr. Hopkins, and the simplicity of his apparatus 
was a great recommendation. 

He proposed a vote of thanks to Mr. Hopkins, which was passed. 

The Chairman announced the presentation to the Institution 
Library of the Lowell Hydraulic Experiments, by Mr. James B. 
Francis, of Lowell, U. S. ; and of k large Drawing of the Pumping 
Engine of the Wolverhampton Water Works, by Mr. Henry 
Marten, of Wolverhampton. 

The Meeting then terminated. 



PROCBEDINOS- 



OoTOBEB 24, 1866. 



The General Meeting of the Memhers was held at the house 
of the Institution, Newhall Street, Birmingham, on Wednesday, 
24th October, 1866 ; William Fairbairn, Esq., F.RS., President, 
in the Chair. 

The Minutes of the last General Meeting were read by the 
Secretary, and were confirmed. 

The Chairman announced that according to the rules of the 
Institution, the President, Vice-Presidents, and five of the Council 
in rotation would go out of ofiice in the ensuing year ; and that at 
the present Meeting the Council and OflBcers were to be nominated 
for the election at the next Annual Meeting. 

The following list of Members was adopted by the Meeting for 
the election at the next Annual Meeting. 

PRESIDENT. 

Joseph Whitworth, Manchester. 

VICE-PRESIDENTS. 

{Six of the number to be elected,) 
Samuel H. Blackwell, Dudley. 
William Fairbairn, Manchester. 
Benjamin Fothergill, Manchester. 
John Henderson, Birmingham. 
Sampson Lloyd, Wednesbury. 
James E. McConnell, Wolverton. 
John Penn, London. 
John Scott Russell, London. 



146 VALVE MOTION. 

COUNCIL. 

(Five of the number to he elected.) 
Chables Beyeb, Manchester. 
John E. Clift, Birmingham. 
Alexander B. Cochrane, Dudley. 
Benjamin Fothergill, Manchester. 
Sir Charles Fox, London. 
Edward Jones, Liverpool. 
John Ramsbottom, Manchester. 
Archibald Slate, Middleshoro'. 



The following Paper, by Mr. George M. Miller, of Dublin, was 
then read : — 

DESCRIPTION OF A NEW EXPANSIVE VALVE MOTION 
FOR STEAM ENGINES. 

The object of the valve motion described in the present paper (the 
invention of Mr. John Wakefield, of the Great Southern and Western 
Railway, Dublin), is to obtain an expansive action more simple and 
more perfect than the motion usually employed, the whole motion being 
obtained from a single eccentric upon the crank shaft. 

The general arrangement of this valve motion consists of an 
eccentric, which, instead of being keyed upon the axle in the ordinary 
manner, is mounted upon a transverse slide, which is capable of being 
moved at right angles to the axle by means of a handle that takes the 
place of the ordinary reversing handle or lever. The effect of moving 
the transverse slide is to alter the throw of the eccentric or to reverse 
iki position, thereby enabling the valve of the one engine or cylinder 
to which it belongs to be worked expansively or reversed. The valve 
of the second engine or cylinder (in the case of the usual pair with cranks 
at right angles to each other) is worked by a second rod connected with 
the same eccentric by means of an arm projecting at right angles to the 
direction of the first eccentric rod, so as to give to both valves a similar 
motion, but corresponding to the relative position of the two cranks at 
right angles to each other. 
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The (X>tistructioii of this apparatus is shown in Plates 24 and 25, 
^hich represent It as applied to a locomotive engine. 

Fig. 1, Plate 24, is a plan of the ralye motion. 

Fig. 2 is a longitudinal elevation of the axle, showing the valve 
motion in section. 

Figs. 3, 4, and 5, Plate 25, are transverse sections of the axle, showing 
in detail the different portions of which the valve motion is composed. 

Fig. 7 is a general view to a smaller scale. 

All the figures show the apparatus in the position of full backward 
gear. 

Upon the crank axle A, Figs. 1 and 2, and close up against one of 
the cranks, is fitted a concentric collar B, fixed to the axle either by 
keys, or by screws tapped into the crank cheek through lugs cast on the 
collar on the side next the crank. On the other side of the collar are 
cast two parallel bevilled slides, shown in Fig. 6, situated trans- 
versely and equidistant from the centre of the axle. Upon these is 
fitted a corresponding sliding frame C, carrying a circular ring 
cast upon it projecting from its face, which is situated not equidistant 
between the two parallel slides, but is set eccentrically, that is, 
nearer to one slide than to the other, by the amount of the 
minimum throw of the eccentric. The circular ring on the frame C 
thus takes the place of the ordinary eccentric, and is fitted with the 
eccentric strap D, on the front edge of which is forged the end of the 
rod E, by means of which the spindle of one of the valves is worked. 
On the back edge of the eccentric strap, and in the same straight line 
with the eccentric rod, is forged the slotted arm F, having a honzontal 
slot fitted with a slide block. In this is inserted a pin, projecting from 
the arm G of the loose ring IT, concentric with the axle and working in 
a groove in the fixed collar B previously described. The ring H is 
furnished with a second arm, at right angles to the arm G, and also 
with a balance weight I. To the second^ arm is attached a rod K, 
similar to the eccentric rod E, by which the spindle of the second valve 
is worked. 

The transverse section, Fig. 3, shows in detail the loose 
concentric ring H on the fixed collar B, the arm G with the 
projecting pin, and the second arm at right angles to G, with the rod 
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K attached ; also the balance weight J on the opposite side to the 
arm G. Fig. 5 shows in detail the sliding eccentric ring, fitted with 
the eccentric strap D, on the back edge of which is the slotted arm F 
with the slide block. 

The reversing action is eflfected by the lever L, Fig. 2, which is 
worked by means of an ordinary reversing handle. The lever L is 
attached to a loose strap or clutch, fitting in a groove in the collar M, 
which is free to slide along the axle, but is caused to revolve with it by 
means of the two feathers NN, Fig. 6. The collar M carries two racks, 
which drive the two pinions 00, Fig. 4. These pinions are screwed 
internally to fit on two large four threaded screws, which are secured in 
the sliding frame previously described. The pinions 00 are placed in 
cavities in the fixed collar B, and thus are incapable of any lateral 
motion. In reversing the engine, the collar M is caused to slide along 
the axle by means of the lever L, and the racks cause the pinions 00 
to rotate; the screws being held in the sliding frame C so as to be incapable 
of turning, a transverse motion is communicated to the frame, which, 
with the eccentric ring attached to it, is carried along the parallel 
slides, thus reversing the position of the eccentricity. The reversing 
lever is moved with greater facility than is usually the case with the link 
motion. 

When the eccentric ring is giving the greatest horizontal motion to 
the eccentric rod E, the slotted arm F has its least vertical motion, and 
consequently, since it is the vertical motion alone of the slot which 
affects the arm G, the latter is at this time stationary, and therefore the 
arm at right angles to it is also stationary, and the rod K has no hori- 
zontal motion. In like manner, when the eccentric rod E has no 
horizontal motion, it has the greatest vertical motion, as also has the 
slot F, and this being communicated through the right-angled arms of 
the ring H, causes the rod K to have its greatest horizontal motion. 

It has to be observed that with tiiis motion the engine can never 
be thrown entirely out of gear. When the engine is reversed, the 
centre of the eccentric describes a chord line (Figs. 4 and 5), not the 
diameter of the circle of eccentricity, and consequently the mini- 
mum to which the throw can be reduced, is the distance of this 
chord line from the centre of the axle, or the sum of the lead and 
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lap of the slide ; but the same circumstance applies to the ordinary 
link motion, and although, for this reason, the expansive action of 
the steam cannot be extended indefinitely, yet practically this is no 
objection to the valve motion, since between the positions of maxi- 
mum and minimum throw, it admits of as great a range for the 
application of the expansive principle as can be made practically 
avwlable where the link motion is employed. 

In the new valve motion the lead is constant for all positions of 
gear, whilst in the ordinary or shifting link motion it varies to a 
certain extent with every change of position, increasing as the throw 
of the valve diminishes ; in the new valve motion, accordingly, the 
expansive action alone is altered by regulating the amount of throw, 
whilst the lead is not affected by the change. 

A modification of the ab'bve valve motion is applicable to sta- 
tionary and marine engines, in which a bell-crank lever is introduced, 
for the purpose of giving the motion to the second valve rod in a 
position parallel to the first, instead of an inclined position as before 
described ; see the rod K, Fig. 3. 

The simplest arrangement would be to have the two cylinders 
placed at right angles to each other, working upon the same crank 
pin ; in this case the two valve rods would be worked direct by the 
one eccentric, their direction at right angles to each other obviating 
the necessity for the intermediate arms or levers introduced in the 
former arrangements. 

A practical trial of this valve motion has been made in two 
locomotive engines on the Great Southern and Western Railway, 
which have been working with it 1^ year and IJ year since March 
and July, 1854. 

One of these, a Passenger engine, is fitted with the new motion 
as shown in the drawings and model. In the other, a Goods engine, 
a slight modification has been made, the construction being sim- 
plified by dispensing witli the slotted arm F, projecting from the 
back edge of the eccentric strap D, and substituting a similar slot 
in the eccentric rod R ; the arm G of the loose concentric ring H 
is thus brought round to the front, and the balance weight I is 
placed behind. 



150 VALVE MOTION. 

The Passenger engine, No. 9, has 15 inch cylinders with a UO 
inch stroke, and 5 ft. 6 ins. driving wheels ; it has heen working 
regularly between Dublin and Thurles (a distance of 87 ^liles), with 
two other engines, Nos. 17 and 19, by the same maker, and similar 
in all respects, except that they are furnished with the ordinary link 
motion. 

The results of the working of these three engines during the 
Ij year from the 18th March, 1854, to Iftth October, 1855, are as 
follows : — 



Miles run. 


Coke per mile. 


Average Xoi 
Carriaflre 


No. 9 44,450 


... 20-3 ... . 


G-O"^ 


No. 17 42,741 


... 23-6 ... . 


5-9 


No. 19 27.194 


... 24-9 ... 


5-8 


Mean with link motion 


... 24-26 ... . 


5-85 


Mean with new valve motion 


... 20-03 ... . 


6-00 



The carriages are six- wheeled, and weigh seven tons empty. 

A comparison of the results of the performance of these engines for 
the periods before stated shows an average saving in consumption of 
coke of 4^1bs. per mile or 1 7 J- per cent, in favour of the engine having 
the new valve motion. 

The Goods engine. No. 53, has worked well, bat the variable character 
of the work assigned to the goods engines on the above line renders it 
difficult to compare their performance. 

It will be observed that the firat engine (No. 9 Passenger engine) 
fitted with the new valve motion, has now had it more than 1 J year in 
constant work. The motion has undergone no repair during the whole 
time, except that a thin lining of white metal has been recently put upon 
the face of the bevilled slides, which had worn a little slack, having 
been in the first instance made of brass. In the subsequent engines 
cast iron has been used for these slides. No other repair to the motion 
has been needed, and it is still working in good order. 

The second engine (No. 53 Goods engine) has been more than 1^ 
year in constant work with the new valve motion, and has run during 
that time 23,581 miles ; this motion has had no repairs, and has never 
even been taken to pieces and examined since first got to work until a 
fortnight ago, and when the parts were then detached for inspection they 
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were found in excellent condition, the working faces all in good order, 
the teeth of the racks and pinions showing no signs of wear, and the 
whole play of the apparatus amounting to only ahout /^th of an inch, 
being little more than it had when originally set to work. This motion 
seems likely to work for more than the usual time before needing repairs, 
and the small amount of wear in it is remarkable as compared with the 
ordinary link motion, which appears to arise from the large extent of 
rubbing surface, and the fact that the whole is held firmly between side 
cheeks and steadied by them whilst in motion ; the working parts are 
also enclosed and protected from dust. 

It may be thought that the application of this new motion encumbers 
the crank axle with more complex machinery than is the case when four 
eccentrics are used ; but it must on the other hand be observed that the 
remainder of the space under the boiler is left more free for examination 
and cleaning ; also the eccentric rods have at all times only the same 
extent of motion as the valves, whilst with the link motion most of 
the working parts reciprocate over the same space, whetlier the 
engine be working expansively or not. 



Mr. Mtlleb exhibited a working model of the new valve motion, 
showing it as applied to a locomotive engine. 

The Chatbman observed that the subject of the paper was one of 
importance, and from the particulars given the new motion appeared 
to have some advantage in durability and working ; tho comparative 
saving of fuel stated in the paper was considerable, but might pro- 
bably be partly owing to other causes than the new motion alone. 
He had seen the motion about twelve months ago, on an engine 
upon the railway at Dublin, but it had then been only a few months 
at work, so that the results of the working had not been sufficiently 
ascertained. He enquired whether any more engines had been 
furnished with the new motion, besides the two mentioned in the 
paper, and whether any further particulars of the working had been 
obtained. 

Mr. Miller replied that it had been applied to three more 
engines on the Great Southern and Western Railway, but these had 
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been at work only a few weeks, and consequently no results had yet 
been obtained. It had also been tried by Mr. Stephenson in an 
engine made for the North Eastern Railway about three months 
ago. The great saving of fuel which had been stated in the paper, 
was, he believed, correctly ascertained, but he was at a loss to 
account for so great a saving from the valve motion alone ; he could 
suppose only that it arose from the circumstance that there were 
fewer joints in the new motion, causing less loss from play after 
wear than in the link motion. The movement imparted to the 
valves was not quite the same as in the link motion, and he 
considered that it was more correct than that given by the link, on 
account of the lead remaining the same ; there was some difficulty 
in getting the link motion to work truly in all positions of gear, and 
the greater exactness with which the new motion worked in the 
different degrees of expansion might partly explain the economy 
effected with it. In the engine from which the results in the paper 
had been taken, the steam had been cut off to the same extent as in 
the corresponding engine with the link motion, the lap of the valve 
being i^ths inch, and the lead ^th inch. He intended to take 
some indicator diagrams from the engines fitted with the new 
motion, and these would show distinctly what difference there was 
between its action and that of the ordinary link motion. 

The Chairman said it was important that some indicator 
figures should be taken, for the purpose of comparison ; that was 
indeed the only method of satisfactorily examining the working of 
the new motion. He asked whether the new motion was applicable 
to any kind of engine. 

Mr. MiLLEB answered that it might be adapted to any engine, 
and a form applicable to marine engines was shown in the drawings ; 
but it had been tried at present only for locomotives. 

Mr. CowPKB did not see how there could be any material 
difference in the working of the valves from that given by the link 
motion, as in the latter the lead was nearly constant. He thought 
the saving of fuel with the new motion, as far as it arose from 
diminished play in the valve gear, could be only small in amount ; 
it must be due mainly to improved construction of the machinery 
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in general, or to working one engine more expansively than tlie 
other, or to greater care on the part of the engine driver to econo- 
mize iuel, as a great difference was often found in the economy of 
an engine when worked by different men. 

Mr. Miller said that the circumstances in which the two 
engines had been placed, from which the comparative results had 
been obtained, had been as nearly alike as possible ; their age and 
general condition were the same, and he believed they had been 
worked to the same degree of expansion and with the same care in 
both cases. 

Mr. Kamsbottom thought that the action of the new motion 
was nearly the same as that of Dodds* wedge motion, and differed 
so little from that of the link motion, that its superiority would be 
mainly a question of durability and maintenance, which could be 
decided only by long experience. In the link motion the lead 
became greater at a higher degree of iexpansion, but he did not 
consider this objectionable, but rather an advantage, as the greater 
lead was used principally for higher speeds. The arrangement of 
the new motion was ingenious, but he should fear the maintenance 
of it would involve an increase of expense. 

Mr. Miller said that the cost of maintenance had been found 
to be but little, and appeared to be decidedly less than with the 
link motion ; the first engine had only had a lining of white metal 
put on the face of the bevil slides, during the whole 1^ year that 
it had been at work ; and nothing at all had been done to the other, 
during the 1^ year that it had been at work ; whereas an ordinary 
link motion would have been much worn and have required con- 
siderable repair by that time. The difficulty with the wedge 
motion, arising from the objectionable strain thrown on the 
slides of the eccentric and on the wedge surfaces, did not exist 
in the new motion; the screws and pinions, which were the 
parts that had the greatest appearance of complication, were not 
exposed to any strain or work while the engine was running, and 
were moved only when it was required to reverse the engine or alter 
the degree of expansion ; this circumstance alone would tend to 
greater durability. 
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Mr. Febnie observed that the new motion appeared to him more 
complicated than the wedge motion, and he feared would be inferior 
to it, having a greater number of joints. He had had some expe- 
rience of the latter on the Midland Railway, where four or five 
engines were running with it ; there was a difficulty in keeping 
the motion in working order, and it had not proved any better 
than the link motion. 

The Seobetaby mentioned that he had recently had an oppor- 
tunity of examining the new motion at work« and had seen it at the 
time of being taken to pieces for the first time, as had been stated ; 
there was not any appearance of wear in the teeth of the racks and 
pinions, nor in any other parts, though they had been in use for so 
long a time ; the motion appeared to work well, and it was easy to 
reverse or alter the expansion. 

The Chaibman said he hoped that the action of the new motion 
would be investigated by means of indicator diagrams, so as to 
ascertain clearly its merits, and they would be glad to hear the 
farther results. 

He proposed a vote of thanks to Mr. Miller for his paper, which 
was passed. 



The following Paper, by Mr. Edward A. Cowper, of London, was 
then read : — 

DESCRIPTION OF A SET OF SIX BLAST ENGINES MADE 
FOR THE EAST INDIAN IRON COMPANY. 

In accordance with the request of the Council, that each member 
should communicate to the Institution the particulars of any work of a 
novel character in which he may have been engaged, and that would be 
likely to prove interesting or useful to the members, the following 
description of a number of Blast Engines that have been recently made 
for blowing the furnaces of the East Indian Iron Company has been 
prepared by the writer ; and as so many of our friends are engaged in 
the production of that one metal, which not only exceeds any other in 
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usefulness, but all the others put together, it is presumed, that if the 
construction of these engines is approved, this paper will be of some 
service. 

These engines were made to the plans and under the superintend- 
ence of Mr. Charles May, the consulting engineer to the East Indian 
Iron Company, by Messrs. James Watt and Co., to the drawings prepared 
by the author of this paper. 

The engines are six in number, tvro pairs of them being intended to 
blow air at 2 lbs. per square inch as a maximum pressure, and the other 
pair to blow air at 4 lbs. per square inch as a maximum pressure. 

Fig. I, Plate 26, is a side elevation of the engine complete, with 
crank-shaft, wheels, Ac. 

Fig. 2, Plate 27, is a vertical section through the steam and air 
cylinders, and their valves and passages, and the branch air pipes. 

Fig. 3, Plate 28, is a plan, and Fig. 4 shows a sectional plan taken 
through the air valve, and the air passages and branch air pipes. 

The two diagrams, Figs. 5 and 6, Plate 29, show the proportionate 
size of an ordinary blast engine and one of these engines to the same 
scale. 

There are also indicator figures, Figs. 7, 8, and 9, taken from the 
air cylinder of an ordinary blast engine and the steam and air cylinders 
of the new engines. 

The general form and construction of the engine is that of a 
" Pedestal or Table Engine ;" the air cylinder A stands on a short 
pedestal, and itself forms the pedestal or table on which the steam 
cylinder B stands. The foundation plate is 6 feet square, and carries a 
wrought-iron crank shaft C in four plummer blocks, having two light fly 
wheels DD, one on each end of the shaft, and the two eccentrics EE 
for driving the air valve F, one on each side of the air cylinder, and the 
eccentric G for driving the steam valve H, in the centre. The steam 
piston has one piston rod fixed in a short cross head I at the top, and this 
cross head has two other piston rods for driving the air piston, which 
pass down outside the steam cylinder through stuffing-boxes in the 
cover of the air cylinder, and are attached to the air piston. The 
long cross head K, taking the connecting rods to the cranks, is 
attached to the short cross head by a pin» so as to allow a little freedom 
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in case of uoeqaal wear; the guides LL are attached to the steam 
cylinder cover. 

The air valve F is made under Mr. Archibald Slaters patent, and is 
a ring or crown valve entirely enclosing the air cylinder, and is not self- 
acting by the pressure of the air in any way, but is moved by the pair 
of eccentrics EE at the proper times, so as to give ample passage for 
the air to move with the greatest freedom, and the valve has such a 
proportion of lap as to cause the air to be compressed up to the working 
pressure before it is delivered, thus giving the engine no more work to 
do than is necessary. 

The openings or passages for the air from the air cylinder to the 
valve are extremely short, and the bars between the openings are made 
inclined, so as to cause a regular wear on the brass packing rings which 
form the rubbing face of the valve. The body of the air valve is made 
of thin sheet iron, neatly curved to two turned cast-iron rings, to which 
it is well secured by a great number of small bolts; these rings are 
bored out inside to receive the brass packing rings before mentioned, 
which are secured in their places by bolts. There are no springs to the 
brass packing rings, but they are bored out to be a perfect fit to the out- 
side of the air cylinder, and are then cut into eight pieces, and should 
any wear take place they can be at once adjusted by introducing a thin 
sheet of paper behind them and screwing them fast in their places again. 
It should, however, be remarked that this valve is under totally different 
circumstances from any that have hitherto been made, as it is perfectly 
in balance, or rather it is suspended perfectly freely, and slides up and 
down a turned cylindrical surface, and therefore there is no tendency or 
power to cause wear under any variation in the pressure of the air. 
The naode in which the two eccentrics drive the air valve is by 
means of a " Gymbal Ring ;" that is to say, there is a wrought-iron 
ring encircling the air valve and attached to it by two pins opposite each 
other, and the eccentric rods are attached to the ring at two other 
points at right angles with the first : thus the air valve is perfectly free. 

The air cylinder A is 30 in. diameter and 2 ft. 6 in. stroke, and the 
piston makes 80 strokes per minute. The air piston is packed 
with hemp packing, and has a ring to screw it down ; the screws are so 
arranged that they can be got at by simply unscrewing small plugs in 
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the cylinder cover, when a socket spanner can be introduced to 
screw the ring down. The air passes into the air cylinder beyond 
the end of the valve, first at one end and then at the other, and 
is delivered into the hollow part of the valve, from which it 
escapes through two light copper branch pipes MM, placed opposite 
each other, and having turned joints fitting turned collars fixed 
on the valve. The other ends of the pipes rest on a small 
surface or shelf prepared for them, and on which they slide backwards 
and forwards about Jth inch ; these ends of the pipes are curved in the 
same manner as the other ends, so that the faces are in one plane, and 
the air main has the faces of its branches surfaced to receive them, as 
shown in the plan, Fig. 3 ; thus the air is taken equally from each side of 
the air valve. 

The steam valve H has considerable lap, and is so proportioned as 
to cut o£F the steam just after the half stroke and have a very free 
exhaust. 

The boilers are on the Cornish plan, and will be chiefly used with 
wood as fuel, and the furnaces are made proportionately large for this 
purpose. The boilers are fed by a donkey engine entirely independent 
of the blast engines, so that they are complete in themselves, and there 
is no fear of getting short of water whilst the blast engines 
stand for ** tapping," at which time indeed the boiler should always be 
fed, if only to keep the steam down a little. 

The engines having to be transported some distance up the 
country, a limit of weight was given, viz., 1 ton for any one part 
of the engine ; and in accordance with this limitation the total weight 
of a pair of these engines is only 1 1 tons as compared with 25 tons, 
the weight of an ordinary blast engine of equal power ; and the 
vireight of the heaviest single piece of an ordinary engine is 4J tons 
as compared with 1 ton, the weight of the heaviest piece in the new 
engines. It is therefore evident that the engine can be moved with 
the greatest facility, and the first pair put to work here for trial 
simply stood on some balks of timber, and a few small bolts through 
the bed plates were sufficient to hold them and cause them to work 
quite steadily ; whereas for the ordinary engine a strong building 
with massive foundations has to be erected. 
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The method by which a high speed for blast engines has been 
attained is simply that of moving the air valves for the air, having 
of course very large valves and passages, mstead of letting the air 
itself move the valves. This arrangement, which was introduced 
by Mr. Slate to this Institution at the Meeting in July, 1850, at 
once prevents all blow and jar in the working, provided that the lap 
and lead of the valve are properly proportioned, and allows of the piston 
being driven at a high velocity, and consequently its diameter may be 
reduced and its stroke shortened. This mode of working, com- 
bined with the fact of two engines working together as a pair with 
their cranks at right angles, causes such uniformity in the flow of the 
blast that no regulator of any kind is needed ; indeed the variation 
is hardly perceptible in a mercury gauge placed on a very short 
length of main, whereas the variation on the ordinary plan is very 
considerable, as shown by the indications in the diagram Fig. 7, 
taken from an ordinary engine, which may be compared with Fig. 8, 
taken from the pair of small engines. The pau* of engines are 
arranged to blow 3600 cubic ft. per minute, and are speeded to 80 
revolutions per minute, which with 2 ft. 6 in. stroke makes 400 feet per 
minute, and this they do with the greatest ease and efficiency, owing 
to the exact manner in which the lap and lead and area of passages, 
&c., are proportioned ; but the author does not wish it to be supposed 
that he recommends a higher speed, or at all events a much higher 
speed, for although we have the example of locomotive engines before 
us every day working at higher speeds, we also know something of 
the cost of repairs of locomotives working at high speeds, and it is evL 
dent that what an iron master wants is a good serviceable engine 
that will blow steadily on day and night without repairs and stoppages ; 
in addition to these first requisites there are two other advantages 
which it is certain are attained by this construction of blast engine, 
namely, first, great regularity of pressure in the blast, and secondly, 
greatly reduced first cost of engine and of foundations. 



The Chairman said the engines appeared remarkably compact 
and small for blowing a furnace, and the uniformity of pressure 
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obtained by them would be an important advantage. There had 
been a variety of plans advocated for obtaining a blast suitable to 
the diffeiftit requirements of the cupola and the blast furnace ; and 
he remembered that at a recent meeting of the British Association the 
subject had been discussed, and it had been proposed to use the fan 
for the blast furnace. He understood that there was a furnace near 
Chesterfield blown by a fan, but he did not know the particulars of 
its application. 

Mr. Samuel Llotd, jun., believed the great difficulty in using the 
fan for blowing a blast furnace was to get pressure enough for that 
purpose, and he understood it had been found impracticable to 
obtain sufficient pressure of blast from the fan to force air enough 
into the furnace. 

The Ghairkan observed that it had been argued on the other 
hand in favour of the fan, that the operations of the blast furnace 
depended on the quantity of air delivered into the furnace, rather 
than upon the pressure at which it was delivered, and this view of 
the question was, he believed, more generally entertained now than 
previously, but he had not heard the results of the practical trial 
of the fan for blast furnaces. He mentioned that a number of 
blowing machines of different constructions were to be seen at the 
French Exhibition, showing a great amount of skill and ingenuity; 
in one of them, the general plan of the machine was much the same 
as that described in the paper, having an upright cylinder like that 
shown in the drawing, with a very large flat slide valve working on 
each side, for the admission and discharge of the air. 

Mr. GowPEB observed that there was a great practical advantage 
in the engines described in the paper, from the air valve having no 
side pressure whatever upon it, as it was a circular valve entirely 
surrounding the blast cylinder, and consequently was perfectly in 
balance ; and being guided very steadily, by fitting the cylinder at 
top and bottom, its motion was very smooth, and the wear upon it 
would be very slight. 

Mr. Samuel Lloyd, jun., enquired whether the small engines were 
to be worked with high-pressure or low-pressure steam ; in the use of 
high-pressure blowing engines he had known some difficulty to be 
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experienced in keeping up a regular blast, owing to the steam 
pressure being occasionally let down in the night; but a low- 
pressure engine was not liable to that objection. In dfb present 
case of a pair of engines blowing together, one might be worked 
high-pressure and the other condensing with the same steam, and 
saving a large proportion of the fuel. 

Mr. CowpBB repUed that the engines had been designed specially 
for lightness, to meet the peculiarity of the sitaation for which they 
were intended, and they had therefore been made non-condensing, cot- 
ting off at half stroke, with 50 lbs. steam ; but wherever the circum- 
stances admitted of it, he would certainly make high-pressure expansive 
and condensing engines, so that great economy of fuel would be 
obtained. 

Mr. Samuel LL0TD,jun., remarked tbat in tbe case of a single blowing 
engine tbe use of a fly-wheel was objected to, as it was then found that 
the blast was less steady than without the fly-wheel. 

Mr. CowPER observed that this must necessarily be the case with a 
single engine, as the fly-wbeel, by making the crank shaft revolve uni- 
formly, caused the motion of the piston to be faster at tbe middle than 
at the ends of the stroke ; but in the ordinary single engines without a 
fly-wheel, the motion of the piston was regulated by the resistance of 
the air, and consequently it remained much more uniform throughout 
the stroke, causing less fluctuation in the supply of air to the main. A 
fly-wheel was only applicable when two blowing engines were coupled 
at right angles to one another, but even then the full advantage of the 
engines being coupled could not be obtained except by a quick-stroke 
small engine, such as those described in the paper, where the intervals 
between the successive discharges of air into the main became so small 
(amounting to less than a quarter of a second) that no appreciable fluc- 
tuation of pressure was produced, although the ordinary regulator or 
reservoir was entirely dispensed v?ith. 

The Chairman observed that this regularity of tbe blast vms a great 
advantage, and gave an important superiority over the ordinary engines ; 
the same advantage would apply still more completely to the fan blast, 
if it were found capable of producing sufficient pressure, and he should 
be glad to know the exact particulars of its application to blovnng 
furnaces. 
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Mr. Samuel Llotd, Jan., remarked that one difiioalty in applying the 
£sm to blowing furnaces would arise from the circamstanoe, that it was 
sometimes requisite to employ a higher pressure and smaller tuyeres for 
a time, in order to clear the furnace when it had got out of order ; this 
could be readily effected with blowing cylinders by increasing the steam 
pressure when required for that purpose. 

Mr. CowPEB said that a different treatment was requisite for blowing 
a blast furnace and for a cupola ; for blowing a cupola experience had 
led him to prefer the fan to a cylinder blowing engine ; he was aware 
that a heavier pressure had been advocated for the cupola, but he had 
found a large quantity of air blown through 10 inch tuyeres better for 
that purpose than a higher pressure with smaller tuyeres ; but for blow- 
ing a blast furnace, he did not think the fan would give pressure enough 
to force air into the centre of the furnace at all. He remembered that a 
plan had been suggested by Mr. Buckle, at a former meeting of the 
Institution, for increasing the pressure of the fan blast, by using two or 
three fans, one blowing into the other, making them all push together, 
so as to increase the pressure successively, the last one only commu- 
nicating with the furnace. 

Mr. Sampson Lloyd remarked that the great improvement effected 
in the last few years in the quantity of iron obtained from blast 
famaces was mainly attributable to the increased quantity of air 
blown into them : a few years ago, 40 tons of iron per week was the 
general yield of a furnace, but this was gradually increased up to 
80 and 100 tons, and now 150 to 200 tons per week might be 
obtained from a single furnace, which was as much as was given by 
four or five furnaces formerly. He thought it would be impossible 
to force in the supply of air necessary to obtain this quantity of iron 
by means of the fan, and he understood it had been given up at the 
^maees near Chesterfield that had been referred to. 

Mr. Clift enquired what was the power of the pair of blowing 
engines described in the paper, and the quantity of air they would 
deliver. 

Mr. CowPER replied that they were capable of working up 
to 34 indicated horse-power each, and delivering together 3600 cubic 
feet of air per minute, at a {pressure of 4 lbs. per square inch. 

c 
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Mr. Clift remarked that it had been proposed to use Jones's 
Gas Exhauster as a blowing engine, using four of them together, 
working one into another, in order to get sufficient power ; he was 
not aware that they had been so used in this country, but he believed 
they were employed to a considerable extent in Sweden, where they 
were driven by water. This machine was very simple and portable 
in construction, and he had found it work very satisfactorily in 
discharging gas ; from an experiment that had been made with the 
exhauster, it appeared that a steam engine of 5 nominal horse-power 
would force 80,000 cubic feet per hour of coal gas, or about 1300 
feet per minute. 

Mr. CowPEB said that he had obtained a pressure of 10 to 15 
inches of water, or about J lb. per square inch, with a large fan 
blowing a cupola with two 10 inch tuyeres; but that 7 J inches 
(or about ^ lb. per square inch) was what he had generally 
adopted for cupolas and smiths' fires. 

Mr. W. A. Adams observed that he had heard of a fan at Messrs. 
Cubitt's works, in London, running, he believed, at 3000 revolutions 
per minute, by which a considerably higher pressure than usual was 
obtained. A great pressure might be obtained by using three such 
fans combined, the one fan blowing into the aperture of the other; 
this plan had been tried by Mr. F. J. Bramwell, and found to answer, 
the pressure indicated by the Iswt fan being nearly three times that 
of each separate fan. 

Mr. Henry Maudslay said he had not seen the fan at Messrs. 
Cubitt's, but understood that a pressure of 16 inches of water was 
obtained with it ; it was a Lloyd's silent fan, 3 feet diameter, and 
worked quite silently. 

The Chairman observed that Schiele's fan, which was much used 
in Manchester, was also a noiseless fan ; it was worked at a very 
high speed, making 2000 to 3000 revolutions per minute. 

He proposed a vote of thauks to Mr. Cowper for his ps^er, 
which was passed. 
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The following Paper, by Mr. W. Bridges Adams, of London, was 
then read : — 

ON AN IMPROVED SPRING AND AXLE BOX FOR 
RAILWAY CARRIAGES. 

In springs serving as an elastic support various qualities are 
requked for the diflferent purposes. First, they must yield through 
a suflBcient space, to absorb the momentum so gradually as to pre. 
vent shocks from being felt, and the space must be proportioned to 
the shock. ' Secondly, they should work with the minimum of friction 
between their parts. Thirdly, if used for varying loads, they should 
possess the property of equal yield under the light and the heavy 
load ; an empty waggon should be as easy to ride in as a loaded one. 

For springs required to moderate the shocks of buffing and 
traction in railway trains, a certain amount of friction in the springs 
is a positive advantage ; it increases the temporary resistance, that 
is, adds to the strength of the spring, and also moderates the force 
of the recoil. But for bearing springs, quick action as well as range 
of movement is essential, and the quicker the speed of the train, 
the more important it becomes that the action should be rapid. 

There are many modes of using steel in carriage springs ; the 
simplest is the double lever form. In this form of spring the width 
of plate is limited only by convenience ; the thickness must be limited 
by the power of equal hardening and tempering in the first place 
and next by the convenience of length ; up to a certain point the 
thickness of the steel may be increased with the length, and the 
power will be increased, but the yield through space may be made 
as great with a short thin spring as with a long thick one, though 
with lessened power. As the power is Hmited by the limit of the 
thickness of the plates, lamination or the multiplication of plates one 
on the other becomes necessary, and this is the commonest form of 
spring. Whether in single or multiplied plates, it is a direct action 
spring. 

Indirect action springs exist of various kinds, in which the space 
or yield of the steel is multiplied by leverage other than that of the 
steel. The bow spring is one example, in which the pressure ou 
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the ends of a slightly arching bow is multiplied three times by leyers. 
This is the most highly elastic spring known, the Motion being 
confined to axis movements, but the cost of the firamework of levers 
is greater than that of the steel. 

For the purpose of simple arrangement the laminated lever 
spring offers the greatest advantages. It b an elastic lever if rightly 
formed. As a bearing spring it supports the framework of the cm*, 
riage at different points. As a buffing spring it affords a facility for 
swivelling on the centre to adjust an equal pressure on the 
buffer heads, whether on carves or on straight lines of way. 
But the form and make of the spring may vary, and the elasticity 
may be impeded, or developed at the wrong part ; and in the case 
of bearing springs the action may be very hard with a light load, 
while the heavy load tends to break the spring. 

The ordinary form of laminated spring, as in Figs. 1 and 2, Plate 30, 
is a curved line of greater or less radius ; in some the curvature has 
been so great that the bearing points are almost rigid struts, and the 
steel will scarcely spring at all, and if loaded sufficiently the spring will 
bend or break over the axle box at the centre. 

A form of spring like Fig. 3 has been used formerly, the 
shape of which is a double inflected curve. The tendency of this form 
is to a double action in curvature, and breakage where the curvature 
changes, and a liability when overloaded to set, as in Fig. 4. 

The object to be aimed at is to make the spring so strong over the 
butt or centre that it cannot yield there, and to make the form such as 
to ensure its yielding sufficiently with a light load, and with an in- 
creasing capacity for supporting the load when it is heavy. 

In the improved spring, the subject of the present paper, which the 
writer has adopted for this object, the plates are made in an angle shape, 
as shown in Figs. 5 to 9, Plate 30, and the specimens exhibited, 
being formed in two straight or nearly straight lines, rising from the 
centre, instead of the usual curve. The spring is therefore very firm 
at the centre in the direction of the strain, whilst the taper points on 
the contrary are disposed to yield equally and easily, forming as they 
descend two gradually increasing curves, as shown in Fig. 6, diminish- 
ing the actual span of the spring, and consequently diminishing the 
leverage and increasing the power of resistance. 
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In the ooDStruotion of the ordinary laminated springs with flat or 
slightly curved centres, it is necessaiy to resort to some method of 
keeping the several plates central and parallel. This is done either by 
a bolt passing through the whole of the plates in the centre, or by form- 
ing them with a series of studs by indenting the plates at the centre, 
and clipping the whole together. Either method tends to weaken the 
plates at the centre, and to break them if the fastenings get loose. To 
keep the plates parallel, the ends are indented to form studs which 
work in elongated slots in the plate below, as shown in the plan. Fig. 2, 
one plate keeping another parallel. Bat in the mode of ordinary work, 
these are very inefficient, and if the plates are not well fitted they 
work askew. 

In the improved spring the centres of the plates are all creased to 
exactly the same angle, as shown in Fig. 7, and thus lie one within 
another without any tendency to curve lengthwise, each one lying in 
the valley below it. A clip, or a pair* of coupling plates with bolts 
outside, shown in section in Fig. 8, holds all the plates together, and 
the angle form retains them so firmly that all slots and studs at 
the extremities of the plates can be dispensed with. 

In the ordinary spring the ends of the plates are tapered, as in the 
plan, Fig. 2. Originally they were tapered in thickness, but the late Mr. 
Chapman tried, and successfully, the experiment of tapering in width 
for private carriages. The length of taper he used was four times 
the width of the plates. When introduced on railways the desire to 
save steel gradually reduced the taper to one width, and sometimes to 
half a width. It has even been proposed to carry the saving of steel to 
the uttermost, by cutting one plate out of the other with a one-sided 
taper ; but the writer is not aware that this plan was ever adopted, and 
it is evident that it would tend to push the plates sideways. 

In experimenting with the improved spring, the writer found that 
tapering in thickness caused considerable friction between the plates, 
by the ends binding against the hollows of the curves, and the tapering 
in width caused an irregular action. The method was therefore tried of 
simply cutting the plates off square, as shown in the plan, Fig. 9, 
slightly rounding the upper edge. This was found to give the most 
perfect elastic action, and without any waste of steel. 
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In making ordinary springs it is customaiy to make the top or back 
plate of a given curvature, and to increase the curvature of every suc- 
ceeding plate, afterwards compressing the whole together and fastening 
by the central Wt or clip. This plan renders the springs uncertain 
as to strength, and the hammering or setting, denting the surface of the 
plates, is very apt to cause fractures. 

In the improved springs the plates are all creased to the same angle 
by a pressing machine, and any plate will fit any other plate without 
any setting up. Tbey can therefore be kept in duplicate, and in case 
of breakage a common labourer can apply a new plate, without needing 
a smith and spring fire. Thus the improved spring wastes no steel, 
has no holes, no slots or studs, and no taper ; it is nearly machine- 
made, and therefore more skilful workmen can be afforded for 
hardening and tempering ; no files or expensive tools are required ; 
and extra plates may be applied for greater loads by merely length- 
ening the bolts at the centre, and the springs may be made either 
with rolled eyes or plain ends as usual. 

The action of this spring may be reversed, as shown in Figs. 10 and 
1 1, by placing the short plates in the hollow side, suspending the ends, 
and carrying the load in the centre. 

The central angle may be either a sharp angle or a slight curve, but 
the sharp angle is preferable. If the curve be used more care will be 
required in fitting, as it is evident that the sharp angle will, in case of 
slight inaccuracy, hold the plates firmest : any angle may be used which 
will keep the plates central by the pressure without studs or bolts. 

The springs are applied in the axle boxes so that the hoop or clip 
lies in a hollow, as shown in Fig. 12, Plate 31, and no other fastening is 
required. This is very important, as, when the axle box is bolted to 
the spring, it is by inaccuracy frequently strained from its proper bed 
on the journal, and heating ensues, and continues till the bearing is 
worn down to a fit. 

The axle box preferred by the writer is shown in Figs. 12 to 15, 
Plate 31, and the sample exhibited. It is a single casting A, with a 
thick wooden bottom B which is bolted in when placed on the journal. 
There is a gretise or oil chamber C with feed -holes above the journal, 
communicating by a large opening D, ut the front of the axle box, with 
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the grease or oil chamber below. The box is rendered tight so as to 
contain a well of oil or grease, by two half cast metal collars E at the 
back, the upper one supporting a spring that draws up the lower to clip 
the axle, which is formed to a conical shape at the back of the shoulder, 
so that the pressure of the spring always forces the collar down the cone 
and against ihe back of the box, but with a facility for a slight 
elastic yielding in case of any irregular resistance. It is obvious that 
as the collar slides up the cone, there will be a slight inaccuracy in , 
the fit, but the wear will take place at the joint, where it is not 
important, and the lower half collar up to a sufficient height will 
always press close to the axle. In front of the box, and passing down 
the opening D inside, is a gun-metal slide P, adapted for four changes, 
against which the end of the journal works, so that there is no need for 
any fit against the shoulder and collar, and the end wear of the brass is 
entirely prevented. 

This box accordingly fulfils the several conditions required; 
namely, keeping the lower part of the axle in a bath of grease ; saving 
the grease from waste ; saving end wear of the brasses and oscillation 
of the carriage; diminishing the risk of heating by efficient ventilation; 
saving breakage of bottom castings ; in case of heating, affording the 
facility of filling the box with water from above ; saving the need of 
lifting the boxes, by allowing access below ; and by reason of the 
absence of fastening, and the elasticity of the spring under all circum- 
stances, diminishing the chance of heating. 

The improved springs have been in use on the South Western 
Railway nearly six months, from the 5th of May last, and they have 
given every satisfaction. From an experiment made upon four springs 
on September 25th, it was found that two of them, after a pressure of 
3 tons had been applied, set ^th of an inch, and the other two 
resumed their original shape. The experiment was made after they 
had been in use upwards of four months, and had run a distance of 
2434 miles under a heavy covered goods waggon ; and previous to this 
working, they were also tested with the same weights without the 
least set being produced. 

In point of first cost they are cheaper than the ordinary spring, 
inasmuch as a saving of 40 lbs. weight per set of four springs is 
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effected, for a spring with 8 plates on the new plan is quite equal to a 
spring with 10 plates of the usual construction, the weight heing 
72 to 78 lbs. in the new, as against 84 lbs. in the old. The new 
springs are not so susceptible of derangement as the ordinary 
spring, and are more elastic and adapt themselves better to the loads; 
thej are also less liable to break, and altogether form a simple and 
compact arrangement. ^ 



Mr. Adams exhibited several specimens of the improved spring, 
one of which was taken to pieces, and put together again ; and also 
a specimen of the axle box. 

The Chairman observed that the liability of the ordinary springs 
to a permanent set after wear was a great objection to them, and the 
comparative freedom from set of the new springs was an important 
consideration ; also the simplicity of their form and make would be 
a practical recommendation. He enquired how long the new springs 
had been at work. 

Mr. Adams replied that they had been at work nearly six months ; 
the great advautuge in the improved spring was the ease with which 
repairs could be effected, consequent upon the simplicity of its 
construction. No smithing was required, and the plates were 
heated only once, and creased and tempered at the same time, 
without requiring a second heating, the only process in making the 
spring that involved any skill or experience being the tempering of 
the plates. There was no danger of any lateral displacement of the 
plates, although they were not provided with studs and slots, the clip 
and the angle to which they were creased holding them securely 
against any derangement. 

Mr. Ba^bdottom remarked that in the ordinary spring the steel 
was weakened at the centre by the central bolt hole, which was a 
defect ; and the new spring was superior in having no central bolt 
hole. He enquired whether any of the plates had been found to 
break across the centre, in consequence of the creasing. 

Mr. Adams answered that no damage had been found at present 
to be caused by the creasing, but the plates might no doubt be injured 
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if creased too much, so as to crush the metal. In the ordinary 
spring a greater number of plates were required at the centre to 
make up for the loss of strength caused by the bolt hole ; this added 
to the weight, and in the new spring, by avoiding the necessity for 
adding more plates, a saving of more than 40 lbs. per waggon was 
effected. 

Mr. Bamsbottom remarked that it was important in any laminated 
spring that under a great weight all the plates should be brought 
into full action throughout their entire length, and this appeared to 
be effected in the new spring. He enquired whether the action of 
the shortening leverage was fiiUy realised in practice. 

Mr. Adams replied that he had not yet had an opportunity of 
making practical trial of the best form of the new spring, in which 
the ends shortened the leverage under a heavy load by gradually 
curving down ; the springs that had at present been tried, had been 
applied to waggons fitted with scroll irons, and consequently the 
springs had rolled ends. The shortening leverage would have the 
effect of increasing the rate of increase of the resistance, as the 
spring bent. The inverted form of spring that had been described 
was a convenient arrangement for the back end of a locomotive, 
where it was sometimes desired to substitute a single transverse 
spring or a pair for the two trailing springs ordinarily used, on account 
of the confined space available ; in such a case, the above form of 
spring, requiring but little room for its action, and lying nearly 
straight between its two extremities, would be particularly eligible 
for the purpose. The construction of the new spring, in any of its 
forms, would readily allow of additional plates being inserted, so 
that its strength could be increased to suit any load it might be 
required to carry. 

The Chairman observed that vulcanized india-rubber springs 
had been frequently used for the trailing springs of engines, on 
account of the small space they occupied, and he enquired what 
results had been obtained from their working. 

Mr. Ramsbottom said that he had not tried them for all the 
springs of an engine, but he found them to answer very satisfactorily 
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for the trailing wheels ; it was important, however, that the india- 
rubber should not be overloaded. 

Mr. Adams said that in order to ensure their proper performance, 
a large quantity of india-rubber must always be employed, and it 
was then too expensive a material to be much used. The cost of 
the tackle or attachments also, in the india-rubber springs, was 
greater than in the case of steel springs, and he thought steel was 
in the end the cheapest and most eligible material for bearing 
springs. 

The Chairman remarked that it had been supposed at one time 
that india rubber was perfectly elastic ; but though highly so, it 
undoubtedly had its limits, and became rigid if over-strained ; some 
of the india rubber springs appeared to have failed from that cause. 

Mr. Adams observed that in steel springs his experience had led 
him to the conclusion, that in whateyer form the steel were disposed, 
whether the spring were a volute, spiral, flat, disc, bow, or laminated 
lever, there \vas always nearly the same quantity of steel required 
to give the same elastic action under the same load, supposing each 
to be the best form of its class; if the quantity of steel, and conse- 
quently the number of particles to bear the strain, were reduced, the 
action on each particle would be more severe, and the spring would 
become liable to set or break. 

Mr. Ramsbottom observed that he had been led also to a somewhat 
similar conclusion as to the weight of steel required being nearly 
the same for the same work, in whatever form it were arranged. 

The Chairman remarked that in the Report of the Commissioners 
on Railway Structures, an account was given of experiments made 
by Capt. James at Portsmouth Dockyard, on the effects of long 
repeated deflections upon the permanent elasticity of bodies; in 
some cases the repetitions of strain were carried up as high as 
250,000 actions, and it was found that every material, however 
elastic, became finally deteriorated and failed, differing only in the 
extent and time of action. 

Mr. Adams observed that the disc spring had been tried under a 
continuous deflection involving reaction, and it was found that 
it would never serve for more than four hours* work before it 
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broke; the effect of the continued action appeared to be 
the same as in the spring-beam helves used by steel makers for the 
tilt hammers ; these could not be worked more than four or five 
hours at a time, and then required six or eight hours' rest before they 
could be put to work again, when they appeared to have recovered 
their elasticity. 

The Chaibman said that the simple construction of the new 
spring that had been described, and its comparative cheapness, conse- 
quent upon the diminished weight and the ease with which it could 
be manufactured, were strong recommendations in its favour. 

He proposed a vole of thanks to Mr. Adams for his paper, which 
was passed. 



The following paper, by Mr. David Joy, of Worcester, was then 
read : — 

DESCKIPTION OF A SPIRAL COIL PISTON PACKING. 

The piston packing, which is the subject of the present paper, was 
designed by the writer to carry out the principle which appears to him 
the correct one, for producing steam tightness with the least loss of 
power from friction and the greatest economy in repairs, namely, by the 
use cff metal in that form in which it will give out the greatest amount 
of continuous elasticity, that is, by employing a spring acting through 
a lengthened space with comparatively slight intensity of pressure, 
instead of the short and rigid spring or series of springs commonly 
used in packing metallic pistons. 

The piston in which this packing is used is shovm in Plate dd, Figs. 
1, 2, and 8, and consists of a simple block, into which the rod is screwed 
and pinned. The peripheiy of the piston being turned to leth inch less 
diameter than the cylinder, a recess is cut in it with a ^ inch tool set 
at ^ inch pitch, making 3 inches more than 2 revolutions, as shown in 
Fig. 2. 

The packing is formed out of a cast-iron or brass ring, Fig. 4, | inch 
thick and | inch larger in diameter than the cylinder. The ring is 
turned and bored, and being placed on a mandrill, a spiral groove is cut 
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in it with an ^ inch tool, set at f inch pitch, as shown by the dojtted lines. 
This cut being carried through leaves the ring in the form of a spiral 
coil of ^ inch by f inch section, and of about 6 full rcTolutions. A portion 
of this spiral is cut ofiP, equal to 2 revolutions and J inch over, as in Fig. 5 . 
This is threaded on to the block piston and pushed down till it drops 
into the recess, which it exactly fills laterally, as shown in Fig. 3. A 
sheet iron crarop. Figs. 6 and 7, is placed round the packing, by which 
it is compressed to the diameter of the piston, which is then placed at 
the mouth of the cylinder, the ports being protected by small blocks of 
wood, and the piston is then thrust from the cramp into the cylinder. 

The objects aimed at in this modification of packing, are, to avoid 
friction by obtaining an elasticity as light as possible, yet sufficient to 
produce perfect contact with the face of the cylinder, to ensure steam 
tightness, and sufficiently continuous to follow up the effects of v^ear 
without the necessity of frequent renewal by resetting. And this the 
writer finds is best accomplished by using a packing which shall consist 
of the greatest possible length in proportion to its cross sectional area. 
No figure meets this requirement so fully as the spiral coil, and the 
number of coils or length of packing can be increased to any extent 
that may be found advantageous, the elastic action being always in one 
continuous length. 

As the coil fits throughout its length between the parallel sides of 
the recess in the piston, its two extremities may recede from each ©ther 
to any distance that may be found requisite for wearing out the rings 
without at any time exposing an opening for the passage of steam. The 
packing under all circumstances fills the recess except at the bottom, 
where the vacant spaces at the extremities of the ring, left in the un- 
coiling of the ring by wear, are eflfectually closed by the piston body 
sliding in contact with the cylinder, that part of the packing ring being 
placed at the bottom side of the piston for this purpose. By experi- 
ments it has been found that with the 1 6 inch brass packing with ^ inch 
elasticity of compression on the diameter, and J inch square section of 
packing, the pressure on 53 square inches of surface of packing was 
1-92 lbs. per square inch or 102 lbs. on the whole packing. It too'fe 
6^ lbs. to move thid piston backwards and forwards in the cylinder when 
disconnected from the rest of the machinery and the glands unpacked. 
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equal to OSS or about i lb. per square inch on the surface of the piston. 
The 1 6 inch cast-iron packing with f inch elasticity of compression 
on the diameter, and ^ inch by f inch section of packing, gave a 
pressure of 4-41 lbs. per square inch of surface of packing, 
and took 135 lbs. to move it in the cylinder as above, being 
0*67 or about § lb. per square inch on the piston. This 
experiment was • made immediately after the engine had 
done her day's work, when the cylinder lids were taken oflf, and the 
glands unpacked for the purpose. Previously to unpacking the 
glands, the steam at 110 lbs. pressure was put on behind the 
pistons with a most satisfactory result, there being no appreciable 
leakage of steam past the piston. A similar trial has frequently 
been made by merely opening the cylinder cocks, and putting steam 
on behind the piston, when no appreciable blow is observable. 

A corresponding experiment was also ti'ied with a 1 6 inch piston 
of the ordinary class, having cast-iron V packings, and it was 
found to require 426 lbs. to draw the piston slowly along the cylinder, 
when disconnected as in the other experiment, showing more than 
three times the resistance. 

The new packing avoids the frequent necessity for " looking at " 
the piston, which is so large an item in the expenditure of locomo- 
tive running sheds, and this is in a great measure a consequence 
of the accomplishment of the former object, as the large amount of 
elasticity resident in the coil will wear out the packing without the 
necessity of examination for renewing that elasticity by means of 
resetting the springs, as in ordinary pistons. 

This piston has also the advantages of simplicity of construction 
and freedom from parts liable to get loose and produce breakage of 
pistons and cylinders. As this packing is used in a block piston it 
does away with the necessity for lids, nuts, screws, guards, Ac, and 
reduces the piston to its fewest possible number of parts, the rod, the 
piston, and the split pin to secure the rod to the piston. The packing 
ring also being always confined in a recess of a cross section exactly 
equal to its own, if broken can produce no injurious eflfect, as it must 
always remain in its place as if whole. The time required for 
removing the packings is very short, the cylinder lid being 
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taken off and the cross head cotter knocked out ; the piston is then 
drawn out, when the old packing is threaded off the piston and a 
new one threaded on in 10 minutes, and the piston replaced. From 
the long enduring elasticity of the coils they are expected to last 
without examination at least 15,000 miles, the only need for examin- 
ation being for the purpose of cleaning. There has not yet been 
time actually to wear out a ring, but as data upon which to form an 
approximate opinion, the ring marked No. 2, which is exhibited, has 
run more than 10,000 miles, and when taken out did not blow. 

The new packing is also attended with economy in original cost, 
as the expense of piston and packing shows a considerable reduction 
on those generally in use. 



A piston fitted with the improved packing was exhibited, and also 
specimens of the packing rings, which had been some time in use, and 
showed but a small amount of wear. 

Mr. Joy observed that his main object had been to obtain so simple 
a packing that it should not depend upon the enginemen at all, merely 
requiring fitting in the repairing shop. The packing rings which he 
had first tried had been found too slight, being only jths inch square, 
and the subsequent rings had been made stronger, of ^ inch by f inch 
section for a 16 inch cylinder. 

The Chaibman enquired how many engines were at work with the 
pistons having the new packing. 

Mr. Joy replied that two passenger engines with 16 inch cylinders 
were running with them, and they would be tried in a few days in a 
goods engine with 17 inch cylinders; in these engines the packing rings 
were of cast-iron. 

The Chaibmam remarked that the general appearance of the piston 
was similar to that of Mr. Eamsbottom's piston, and the diminished 
friction owing to the light pressure of the coil corresponded with that 
given by the packing rings in Mr. Rarasbottom's piston. 

Mr. Ramsbottom said that he had at first tried a spiral coil in 
separate grooves, but he bad since abandoned that plan in favour of 
single detached rings. The results that had been stated of the dimin- 
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ished friction caused by the spiral packing confirmed his own experience 
of the advantage of a light pressure of the piston packing upon the 
cjlinder. 

Mr. CowpER asked in what respect the spiral packing described in 
the paper differed from the old spiral coil proposed formerly in Jessop*s 
piston, where the coils of the packing ring extended the whole depth of 
the piston. 

Mr. Joy explained that the difference in that piston consisted in the 
spiral coil being fitted in between two edges parallel to the faces of the 
pistou, and to which the line of the spiral made an inclined plane, 
the ends of the coil being tapered down to fit these edges, and 
consequently as the spiral packing uncoiled in wear it became 
loose sideways, not filling the groove in the piston any longer in 
consequence of the inclined ends moving off each other and 
diminishing the total thickness of packing ; but in his piston 
the groove was a spiral corresponding to the packing ring, the 
edges of the groove being parallel to the coil, and consequently the 
packing ring remained equally tight sideways when it uncoiled during 
wear. There was also too much friction between the coils, when the 
packing took many turns round the piston, and he found that a little 
more than two turns gave the best action, and was quite tight enough. 

Mr. CowPER enquired how the steam was prevented from blowing 
past the packing at the ends of the coil. 

Mr. Joy replied that this was effected omly by placing that side of 
the piston lowest, so that the body of the piston was then in contact 
with the cylinder, and no steam could pass. In one instance, however, 
the piston had been put in by mistake the wrong way up, so that the 
joint was at the top, but no perceptible loss of steam had been detected 
in working, the piston body being a sufficiently near fit to the cylinder 
to prevent any material leakage. 

The Chairman asked how long the cast-iron packing rings had 
lasted before they were worn out. 

Mr. Joy answered that he could not say how long they would last, 
as there had not been time yet to wear a coil out ; the ring would have 
to bo worn down f ths inch all round, before it was entirely worn out ; 
the present wear had amounted to only Jth inch, after the rings had run 
more than 10,000 miles. 
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The Secbetaby observed that he had had an opportunity of seeing 
the pistons With the spiral packing in work, and had found them to be 
very steam tight, when tried as had been mentioned in the paper. 

The Chairman then proposed a vote of thanks to Mr. Joy for his 
paper, which was passed. 

The Chairman then observed that he had been engaged for the 
last two or three months as a Juror at the Paris Exhibition, where he 
had found some very beautiful and well-constructed machinery, display- 
ing a great amount of ingenuity and a high degree of attainment in 
mechanical skill. England had hitherto always taken the lead in 
mechanical improvement, and the mechanical engineers of this country 
ought to endeavour to maintain the advanced position they at present 
occupied. He advised all the members who were able to do so to take 
an opportunity of visiting the Exhibition and acquainting themselves 
with the various mechanical improvements that were collected there. 

He announced that the next meeting of the Institution would be a 
Special Meeting in Manchester. 

The Meeting then terminated. 

After the Meeting, Mr. S. Thornton, of Birmingham, exhibited a 
powerful Hydraulic Lifting Jack, capable of raising a load of 60 tons 
by the power of a single man ; the ram being 8 inches diameter with an 
8 inch stroke, and the pump f inch diameter ; the whole apparatus was 
arranged in a compact cast-iron box, weighing about 2J cwt. altogether. 

Mr. G. M. Miller, of Dublin, also exhibited a specimen of an 
improved Axle-box, used upon the Great Southern and Western Railway 
of Ireland. 



PROCEEDINGS. 



December 10, 1855. 



The Special General Meeting of the Memhers was held In 
the Lecture Theatre of the Royal Institution, Mosley Street, 
Manchester, on Wednesday, December 19th, 1855; John Rams- 
bottom, Esq., in the Chair, in the unavoidable absence of tha 
President. 

The Secretary read the Minutes of the last General Meeting, 
which were confirmed. 



The following Paper, by Mr. William Fairbaim, of Manchesterp 
was then read : — 

DESCRIPTION OF A NEW CONSTRUCTION OF PUMPING 

ENGINE. 

In mining operations the Cornish Pumping Engine has for 
many years been considered the most eligible for raising water from 
great depths. In the district of Cornwall, where coal is not one 
of the native mineral treasures, and where the fuel has consequently 
to be imported for the supply of the numerous engines employed 
for draining the tin and copper mines, economy in the consumption 
of the fuel has always been an object of great importance. Owing^ 
to the high price of the imported coal, and the consequently largo 
item that it forms in the annual charges for steam-power, greater 
attention has been paid to the construction and working of the 
engines, which has resulted in superior economy ; and the Corniah 
mine-owners have lost no opportunity of affording to the engineer 
every facility for improvements in the engines and boilers, and at 
the same time every inducement to those in charge of their manage- 
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ment to promote their economical working. The encouragement 
ofifered by rewards and premiums has given to the Cornish engine 
its high character for economy in the consumption of coal ; and 
though in other districts, where coal is cheap and abundant, the 
same necessity for stringent measures to ensure carefulness does 
not exist, this can be no justification for wasteful expenditure, and 
neglect of applying the proper means to attain that economy, with 
which the whole of the steam-power in the country ought to be 
worked. A knowledge of what has been advantageously accom- 
plished in one district is a motive for its introduction into another, 
and the writer, being convinced of the superior management preva- 
lent in Cornwall, has always advocated the more general adoption 
of this important system. 

When water has to be raised from great depths by steam-power, 
there appears to be no better method of doing so than to use the 
Cornish engine working expansively, employing the engine to raise 
the plungers and pump-rods, the weight of which, as they descend, 
forces the water up to the surface or next level. This has been for 
many years the practice in Cornwall, and has been almost invariably 
accomplished by a powerful engine with its main working beam 
placed above the cylinder. For such a position, the lever- wall, &c., 
supporting the beam, is required to be a mass of solid stonework 
of considerable height, to resist the shocks to which it is sub- 
jected by the sudden descent of the load upon the spring-beams, 
and which are at times so great in a large engine as to shake the 
masonry to its foundations. In the engine described in the present 
paper, this objection is avoided, and the expense of high buildings 
and massive masonry is saved, by substituting for the single main 
working beam above the cylinder, two beams placed below the 
cylinder, one on each side of the engine,' resting upon a platform 
level with the ground, and in the present instance below the mouth 
of the pit. The advantage of this construction is, that the whole 
strain at the bearings of the beams, instead of acting upon the raised 
tower of the lever-wall, is brought direct upon the solid ground, 
thereby saving the expense of the masonry above the ground. In 
case the engine should miss a stroke from an accident in the pit, the 
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shock is received upon a massive oak transverse spring-beam, which 
passes under the cylinder and rests upon the foundations of the 
engine-house on each side. A corresponding spring-beam is fixed 
in the pit to receive the fall of the pump-rods, whenever they happen 
to pass beyond the limits of the stroke in their descent. This 
modification in the arrangement has the advantage of making the 
foundations sustain the weight and shocks of the engine direct, and 
causes a great saving in the original cost. 

The principle of tlie engine itself presents no material diflference 
from the ordinary construction, and the arrangement is compact, 
simple, and effective ; the engine is worked with double-beat valves, 
and is so arranged as to cut off the steam at any part of the stroke. 

A number of engines on the same plan are now at work, some 
of them of great power, with 70 to 80 inch cylinders, and they have 
given complete satisfaction, by their steady, convenient, and econo- 
mical working. 

The engine shown in Plates 33, 34, and 35, was erected by the 
writer in 1851, at the colliery of F. P. D. Astley, Esq., at Dukinfield ; 
it is a single-acting high-pressure expansive and condensing engine, 
of about 160 horse power effective, employed to drain a coal-pit of 
large extent. The depth from which the water is raised is at present 
rather more than 600 yards, but the extreme depth to which it is 
intended to work will be about 700 yards, when the lower bed of 
coal is reached. 

Fig. 1, Plate 33, shows a longitudinal section of the engine. 

Fig. 2, Plate 34, is a transverse section of the engine, and Fig. 3 
a section of the valves. 

Fig. 4, Plate 35, is a general elevation of the engine to a smaller 
scale. 

Fig. 5 is a general plan, showing the pumping and winding 
engines with the boilers and the pit, in their relative positions. 

The two beams AA are carried upon the same frame or bed- 
plate BB as the steam cylinder 0, and each is bolted down to a block 
of masonry at the level of the floor. The cylinder is 70 ins. diameter, 
and 8 feet stroke ; the piston-rod is connected to the beams by a 
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wrought-iron cross-head and cast-iron side rods, as in the ordinary 
marine engine, a similar parallel motion being used, which in this case 
is carried by two parallel girders DD fixed in the walls of the engine- 
house, and bolted to the flange of the cylinder. E is the oak spring- 
beam, 22 inches square, extending transversely under the cylinder, 
and carried at the ends by the foundations of the building. The 
ends of the engine-beams strike directly upon the spring-beam, 
with the intervention only of a block of timber placed upon the 
spring-beam, with a thickness of india-rubber as a packing to soften 
the blow. A similar provision is made at the opposite end of the 
engine-beams, to prevent the pump-rods descending too far. 

The valves are all on the double-beat construction ; the steam- 
valve F is 1 6^ inches diameter in the seat, and the equilibrium and 
eduction valves G and H are 18^ inches diameter, their motion 
being regulated by the cataract I, in the usual manner of the Cornish 
engines. 

The condenser JC and air-pump L are placed in a well below 
the floor on the opposite side of the centre of the beam ; the air- 
pump is 35 inches diameter and 4 feet stroke. 

The outer extremities of the beams AA overhang the pit at M, 
where they are attached to the pump-rods by means of a parallel 
motion N, Figs. 3 and 4 ; the second pair of beams 00 forming 
the parallel motion are fixed one on each side of the pit in recesses, 
working clear of the pit ; they carry at their outer ends a large 
counterbalance weight P, consisting of a box filled with cast-iron 
weights, to counterpoise a portion of the weight of the pump-rods, 
leaving only sufficient unbalanced weight for raising the water in 
the pumps. 

The pumps consist of six sets of plunger pumps, commencing 
with one bucket pump at the bottom ; they are shown in succession 
in Figs. 6 to 12, Plate 36. 

'the main pump-rod R has a stroke of 8 feet, and is 1 5 inches 
square at the top, being attached by a wrought-iron strap to the 
cross-head of the parallel motion N. 

The first four pumps, Figs. 6, 7, 8, and 9, are all of the same 
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size, vriih 12 inch plungers, and 1 2 inch rising main ; the pump- 
rod B diminishes iu size from 15 inches square at top, to 11 
inches square at the fourth pump down, and 8 inches squai*e at the 
two lowest plunger pumps, and each of the plungers is attached to 
it bj a timber block and iron straps. 

The two lowest plunger pumps. Figs. 10 and 11, are of similar 
construction and dimensions, except that they are smaller in dia- 
meter, the plungers being only 8 inches diameter, and the rising 
main 8 inches ; the difference is made in consequence of a portion 
of the water entering from a higher level of the workings into the 
cistern of the fourth pump, Fig. 9. 

The bottom pump. Fig. 12, is a bucket and plunger pump, 
raising the water at both strokes of the pump rod. The barrel of 
the pump is 8 inches diameter, and the pumprod 5 inches square, 
being half the area of the barrel, so tbat half the water is raised at 
each stroke. 

Figs. 13 and 14 show the detailed construction of the top pump, 
drawn to a larger scale. The suction and delivery valves are leather 
flap valves, with two semicircular openings. 

Each pump has the same lift, and raises the water 200 feet, 
delivering it into the cistern from which the succeeding pump 
draws. The engine makes about 13 strokes per minute, and the 
quantity of water raised is consequently 600 gallons per minute, 
being equivalent to about 160 horse power effective. 

The pumps and pit work have been arranged with a view to 
saving room, and at the same time affording facility for repairs, and 
convenient access to the valves and buckets of each of the sets into 
"which the pumps are divided. The entire space occupied by the 
six sets of plunger pumps, and one bucket pump, is only about one- 
£fth of the area of the shaft, which is 1^ feet in diameter; and the 
shaft not only contains the pumps to a depth of 1500 feet, but also 
has space enough for the ascent and descent of two sets of Itoxes, 
each box containing about 8 cwt. of coal. A description of the large 
Winding Engine, used to raise the coal in this pit, was laid before 
the Institution at a former meeting, (see Proceedings Inst. M. E., 
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December, 1853); and the position of the engine is shown at S in 
the general plan, Fig. 5. 



The Chaibvak observed that the arrangement appeared more 
jadicious than the old plan of the beam at top, as the engine was 
more compact, and the principal strains and shocks were brought 
directly to the lerel of the ground, without the intenrention of walls 
or columns. 

Mr. Beteb had seen the engine at work, and thought it one of 
the finest pumping engines he had seen ; it was well executed, and 
appeared to work well; the engine and pumps were conveni- 
ently arranged for access, and the fixing of the beams was solid 
and simple ; he thought the arrangement would be found to be 
generally preferable. 

Mr. Siemens enquired what was the extent of expansion in the 
engine, and the pressure of steam employed ; he thought that the 
principle of expansion was not yet carried to its utmost practicable 
limits, although these limits were approached: but science had 
already pointed out the way which would lead without fail to a further 
great improvement of the steam engine. 

Mr. Nealb replied that the steam pressure was about 1 5 lbs. per 
inch, and it was cut off at about l-5th of the stroke ; there were 
5 or 6 boilers in use, cylindrical double-flue boilers, 7 feet diameter, 
and 27 feet long, with flat ends and gusset stays, the internal flues 
being 2 feet 8 inches diameter. 

The Chaibman then proposed a vote of thanks to Mr. Fairbaim 
for his communication, which was passed. 



The following Paper, by Mr. William G. Craig, of Manchester, 
was then read : — 

ON AN IMPROVED AXLE BOX AND SPRING FITTINGS 
FOR RAILWAY CARRIAGES. 
From the numerous defects in the construction of the Axle boxes 
and Spring fittings in general use for railway carriageSt much 
attention has been directed to their improvement. 
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In the Axle boxes, the principal defect is in the seats for the 
gun- metal bearings ; these are arranged in various ways, but all 
involving expensive fitting of the bearings into their places, to secure 
them from getting loose, notwithstanding which they frequently 
turn on one side, as represented at A, in Fig. I, Plate 37, and are 
also liable to drop out of their places entirely, and remain in the 
bottom of the axle box, causing the journal to come in contact with 
the cast-iron box, which is soon destroyed, as in the example shown 
in Fig. 2, which is one out of a large number of similar cases. In 
many instances the journals are completely twisted off. These 
occurrences necessarily cause great delays to trains, and require the 
carriage or waggon to be sent into the workshops for repair. In order 
to prevent the brasses from coming out of their places, they are cast 
with deep sides, and not unfrequently rivetted to the axle boxes ; 
but the consequence of this is that when the brass warms, its sides 
grip the journal, and soon cause the bearing to heat. 

Another defect in axle boxes is in the mode of lubricating, which 
tends to create the evil of hot journals, before *the remedy can act. 
This arises from the thickness of the metal that forms the seat of 
the bearing and bottom of the grease chamber, which in many cases 
amounts, together with the bearing, to two inches thickness above 
the journal, and must be heated through by friction, before the 
grease can be brought down to lubricate the bearing. In numerous 
instances, from the metal becoming overheated, the grease is 
rendered fluid, and nms out and is wasted. 

Another disadvantage is that, from the carelessness of workmen, 
the holes for the passage of the grease through the axle box and 
bearing are often not made to correspond, and the flow of grease 
to the journal is consequently obstructed ; it is also difficult to clean 
out such holes when required, to do which properly involves a con- 
siderable loss of time, and the fevil arising from not frequently 
picking them out is a total stoppage of the lubricating material, 
causing cut journals. 

Another difficulty is that of getting the grease to the back of the 
grease chamber to lubricate the inner collar ; this is now done by 
the greaser pressing back the grease with his knife, when time 
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admits, and is generally only imperfectly accomplished whilst the 
carriages are temporarily stopped at a station. 

Further, the number of parts belonging to the axle boxes now in 
general use, namely, bolts, nuts, leather packing, &c., all involve 
expensive fitting, and are subject to frequent displacement. 

In the axle box grease covers, again, there is a constant rattling 
noise with all iron covers that are without springs, and they often 
require repair from being made slight, and tbe hinges bemg strained ; 
and with the sliding arrangement, the covers get lost in transit, and 
grit and other foreign matter then mixes with the grease, and pro- 
duces hot axles, either by stopping up the lubricating holes, or by 
coming in contact with the journal. An objection also to iron 
covers is, that during the summer months they quickly conduct the 
sun's heat to the grease, and cause it to run to waste. 

In the Spring fittings, all arrangements are defective where bolts, 
nuts, or screwed spring clips are used for fixing the spring to the axle 
box, as these are not found sufficient to retain the spring in position 
in ordinary concussions, entailing the frequent loss of bolts and nuts, 
and at times of the whole spring. It is also objectionable for the 
ends of the spring to bear against fixed shoes fastened to the sole-bars, 
since the spring on elongating causes the ends to rub hard upon 
the shoe, which wears a recess in it, and also wears the top plate of 
the spring ; the result is that a shoulder is formed upon the shoe, 
and in many instances the spring cuts the body of the shoe entirely 
away, and bears upon the wood, as represented at BB, Fig. 1, which 
is an exact copy of one of the many so found on the Manchester, 
Sheffield, and Lincolnshire Eailway ; in all such cases the spring is 
prevented from acting beyond tlie limit of the shoulder formed on 
the shoe. Amongst the methods adopted to remedy this defect, tlie 
spring ends have been softened and bent downwards to fit the shoe, 
and the top plate of the spring has been thickened to allow for wear ; 
the former plan has been abandoned as inefficient, and the latter, 
which is now generally in use, is subject to the objection before 
named. 

The failures of the axle boxes, bearings, grease covers, and spring 
fittings described above, which are occurring daily upon all railways, 
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involve a serious item in the working expenses, and from his ex- 
perience of the causes producing them, the writer has heen led to 
adopt the improved construction of axle box and spring fittings, the 
subject of the present paper. 

Axle Box. — Tlie improved axle box is cast in one piece to avoid 
all expensive fitting of leather packing, bolts, nuts, &c. ; the mode 
of lubricating through the axle box seat by means of holes is 
dispensed with, and the lubrication is efifected direct through the 
gun-metal bearing. All expensive fitting of the bearing is avoided, 
by casting an oblong hole in the axle box seat, to receive a pro- 
jection C, Figs. 3 and 4, cast upon the top of the bearing ; these 
can then be put together as they come from the foundry, a slight 
looseness being of little consequence, since the projecting piece 
completely prevents the possibility of the beariog turning on one 
side, as at A, Fig. 1. This axle box is also much lighter than the 
ordinary construction, and all bolts and nuts are dispensed with, 
excepting the two bolts that fasten the under keep. 

The projection cast on the top of the bearing is made hollow, 
and passing through the oblong hole in the seat of the axle box into 
the grease-chamber above, supports either the cap of the axle box, 
as in Fig. 3, or the under side of the spring itself, as in Fig. 4 ; 
by this means is ensured not only the impossibility of the brass 
turning, but also the perfect lubrication of the journal through the 
large aperture in the projection, which brings the grease in direct 
communication with the journal, so that a very small increase of 
temperature is sufficient to cause the perfect lubrication of the 
journal. In this case the cast-iron of the axle box is never required 
to get hot in order to soften the grease, that being one of the chief 
causes of hot journals. A further advantage obtained by the pro- 
jecting piece on the top of the bearing is that the brass may be 
made of a shallow form, so that it will never require its sides to be 
reduced to prevent them from clipping the journal. 

There have been many ingenious contrivances introduced, 
intended to prevent hot boxes, and to save grease, by the employ- 
ment of a leather valve, or a similar contrivance, placed at the back 
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of the axle box, to prevent the escape of grease or the admission of 
grit ; but the writer's observations have led him to the opinion, that 
the evil of hot boxes does not arise from grit or sand entering from 
behind, but mainly from the defects in the bearings that have been 
referred to. True economy is to ensure perfect lubrication, and 
the projecting hollow piece on the top of the brass that has been 
described, has an advantage in this respect, in affording a facility 
to the greasers at stations for pressing the grease down upon the 
top of the journal. 

Grease Covers. — In the grease covers the writer has adopted two 
plans to .suit different forms of springs. In the first, shown in 
Fig. 3, the cover D clasps the top of the axle box, and prevents the 
admission of grit, dust, &c., which cannot be too carefully excluded 
frora the top of the box ; it is cast with an oblong recess upon it, 
extending upwards, which receives the grease above the level of the 
grease-chamber, and is fitted with a wooden plug or plunger B, 
secured by a chain to the waggon, in place of the ordinary iron 
cover or slide ; the grease being thus introduced above the level of 
the grease-chamber ensures the perfect lubrication of the whole 
bearing, being forced by the pressure of the plunger into the recesses 
at the back of the brass. With the ordinary axle boxes, the ends of 
the journals nearest the wheels are frequently found quite dry and 
cut, in consequence, as is generally supposed, of grit or dust being 
admitted between the boss of the wheel and the axle box ; but this 
the writer considers mainly arises from the difficulty of securing a 
constant flow of grease through the inner grease-hole of the axle box 
and brass, the greaser being unable to reach to keep that orifice clear. 

There have now been 60 sets of the improved axle boxes working 
in the most efficient manner for the last eight months, over a long 
extent of railway in Lincolnshire, where the ballast is of an 
extremely light and sandy nature ; showing that the true remedy 
for hot journals is their more efficient lubrication, and a ready means 
by which the greaser can without trouble ensure this. The wooden 
plug or plunger E, being a non-conductor, serves to protect the 
grease from the effect of the sun's beat during the summer. 



AXLE BOX AND SPRING. 187 

The second modification of improved grease-cover, shown in 
Figs. 4 and 5, is combined with an improved spring fixing; a 
wrougbt-iron plate is employed about ^ths inch thick, and of 
sufficient size to project over the axle box top about i inch all round ; 
an opening is made in the plate to admit the grease, and two other 
openings to receive the ends of the spring-clip F, to which the 
plate is cottered. On the top of the plate is fixed a piece of wood, - 
about 1 inch thick, on which is screwed an oblong casting, similar 
to the oblong recess in Fig. 3, having a wooden plug E to fit the 
opening ; the advantage of this arrangement is that this portion of 
the grease-cover can be replaced when broken, without having 
occasion to lift the waggon. 

Spring Fixing. — The improved spring fixing consists of a simple 
and cheap contrivance in combination with the axle box ; a piece 
of iron F, \ inch thick, and the same width as the spring, is simply 
bent over the spring to form a clip, allowing the ends to project to 
form cotter-holes, and to fit into the cover of the grease-chamber. 
Two cotters fasten the clip tightly to the spring, and are cut 
so as to correspond with the length of the grease-chamber, by which 
means they are prevented from getting loose. The cotters form the 
two sides of an oblong recess on the under side of the cover, and 
receive between them the projecting hollow piece C on the top of 
Uie brass, as in Fig. 4. A piece of wood or india-rubber is 
inserted between the under side of the spring and the top of 
the projection C, to form a cushion for the spring. 

A modification of the improved spring fixing for application to 
existing stock is made by fixing two pieces of iron, about 2 inches 
wide, and the length of the width of the spring, and about f ths 
inch thicli, by means of the bolt through the centre of the spring ; 
on each side of these pieces is fixed a welded hoop of iron, 1 inch 
by ^ inch, (as a support for the centre of the spring, in addition to 
the ordinary small rivet passing through the spring,) and a corre- 
sponding recess is made on the cast-iron cover of the grease-chamber. 

Spring Fittings. — The fittings at the ends of the springs are 
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improved by making the shoes GG, Figs. 6 and 7, to slide on a metal 
bed H, about f inch thick, and of suflficient length to allow of the 
play of the spring with the sliding shoes attached. 

The plate H is fixed on the under side of the sole-bar, materi- 
ally strengthening the waggon, and the sliding shoes have grooved 
sides to secure them to the plate. The spring is connected to the 
shoe by a bolt passing through the side cheeks of the shoe and the 
spring eye, the object being to retain the spring attached to the 
waggon, when the journals require examination, saving consider- 
able expense and time in lifting. The writer has been enabled to 
reduce the contract price for the lifting of waggons 25 per cent, on 
all those waggons fitted with the improved axle boxes and spring 
fittings ; this may at first sight appear an unimportant matter, but 
assuming each waggon requires lifting twice a year, and that a 
railway company's stock consists of 10,000 waggons, the saving in 
this item alone would amount to £500 per annum. 

The sliding shoe maintains the perfect action of the spring ; its 
bearing surface is equal to 256 square inches for the whole waggon, 
which must necessarily reduce the wear and tear of that portion of 
the waggon, when contrasted with the present mode of spring fixing, 
where the bearing surface amounts only to 64 square inches ; assum- 
ing a loaded waggon to weigh 12 tons gross, in the former case the 
pressure per square inch amounts to 105 lbs., and in the latter to 
420 lbs. ; the action of the waggon springs is in consequence so 
easy as to be almost equal to that of a first-class carriage fitted with 
scroll-irons, if the same length of spring is used in each. 

In conclusion it may be mentioned, that during the last six months, 
out of a stock of 4000 waggons fitted with ordinary axle boxes, on the 
Manchester, Shefl&eld, and Lincolnshire Railway, there have been 81 
hot journals, 70 brasses destroyed, and 28 journals rendered unfit for 
use, involving great expense in repairs. A similar return from the East 
Lancashire Railway, for the last eight months, out of a stock of 160O 
waggons, gives a total of 44 hot journals from brasses turning in their 
seats, 22 brasses destroyed, and 3 journals rendered unfit for use, ex- 
clusive of spoiled axle boxes. On the contrary, with the waggons fitted 
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"with the improved axle boxes and spring fixings, there has not been a 
single instance of a hot axle box, although upwards of sixty sets have 
been in daily use for the last eight months. 



A number of specimens were exhibited of worn and broken 
shoe-plates, and of damaged journals, and of brasses taken from 
waggons running on the Manchester, Sheffield, and Lincolnshire 
Railway ; also specimens of the improved spring fittings and axle 
box, described in the paper. 

The Chairman observed that in the ordinary mode of lubricating 
railway axles, as the grease employed was only in a soft state, 
and not fluid, it required to be slightly warmed before it would run 
down sufficiently to lubricate the journal ; and the construction of 
the bearing brass described in the paper, owing to the projection of a 
part of its substance into the grease chamber, appeared to have an ad- 
vantage over the ordinary plan, in producing this effect sooner, and 
with a smaller rise of temperature in the bearing and the journal. 

Mr. Newall had made a trial of the new axle box and spring 
fittings, upon the East Lancashire Eailway, and found them very 
satisfactory ; he had had ten sets of them running there during 
the last four months, and they had proved at present so successful that 
he intended to try them more extensively; no heating or other trouble 
had occurred with them, but with the ordinary construction of axle 
box he had experienced great inconvenience and expense from heated 
journals, through dirt getting into the grease chambers, and the dis- 
placement of the bearing brasses; the concussions of the waggons in 
shunting were the main cause of the brasses getting displaced. He 
considered half the expense of current repairs in lifting waggons was 
occasioned by defective lubrication, and had made trial of several 
plans for effecting an improvement ; but he had^certainly not found 
any so successful as the plan now described. The brasses wanted no 
fitting in putting them into the axle boxes, and as far as he had tried 
them, they had proved very satisfactory in lubrication. The mode of 
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attaching the spring ends hy means of the sliding shoes was more 
durahle, and gave^a more free action of the spring than the ordinary 
plan, and als6 prevented the spring from getting out of place ; and 
a considerable saving of time and expense in lifiting was caused by 
having the springs secured to the waggon frame. 

Mr. Beyeb had seen both the plans at work, and thought the 
new brass was an improvement in affording a more immediate con- 
tact of the journal with the grease, and means of communicating 
the heat direct from the journal, instead of requiring it to pass 
through the thickness of the cast iron box, as in the ordinary make. 
The wood cover of the grease chamber appeared to him rather 
objectionable, as liable to come out of its place in running. 

Mr. Jaoeson suggested that a simple india-rabber spring might be 
applied if requisite to prevent the covers jumping out. 

Mr. Newall had not found them at all liable to come out, and the 
wood plug had an advantage in squeezing the grease down on to the 
journal when pushed into its place. The iron covers were objection- 
able from their looseness and rattling, and they were found to get very 
hot in the sun, causing the grease to be melted and wasted, which was 
prevented by the wood covers. 

Mr. A. SiNOiaAiB said that with the new axle boxes in use on the 
Manchester, Sheffield, and Lincolnshire Railway, the wood plugs had 
been found to keep in their places quite securely ; they were a little 
tapered, and fitted tight in the sockets ; the plugs first used were made 
rather longer, but they had subsequently been shortened, as the extra 
length was found to be unnecessary. 

The Chairman said he had not observed the new axle boxes at 
work, but he had witnessed some experiments that had been made as 
to the comparative efficiency of the new form and the ordinary form 
of bearing brass, and the result was decidedly favourable to the greater 
readiness with which the new brass softened the grease, and lubricated 
the journal. 

Mr. Beyer was also present at the experiments referred to, which 
were made with two similar journals on an axle revolving at the same 
time in the two brasses under comparison ; and the grease was found 
to be melted in about ten minutes with the new form of brass, but i^ 
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took above twenty minutes with the old one. The temperature of the 
axle was about twenty degrees higher in the latter qfiBe, and the brass 
became partly cut, but the other one kept in good order. The two 
brasses were of the same material, and of the same size of grease hole. 
The azle was driven by a pulley, and at a speed corresponding to about 
fifty miles an hour speed of a railway carriage. 

The Chairman proposed a vote of thanks to Mr. Craig for his 
paper, which was passed. 



The following Paper, by Mr. Thomas Dunn, of Manchester, was 
then read: — 

DESCRIPTION OF A NEW DUPLICATE RETORT STEAM 

BOILER. 

The difficulties and expenses attending the transit of large Steam 
Boilers made on the ordinary construction, in consequence of their 
unwieldy size, led the writer of the present paper to consider the 
feasibility of forming a boiler in parts, in such a manner that it 
should possess the ad'vantages of the ordinary large boilers without 
their disadvantages. 

The large boilers in common use weigh in some cases 18 tons, 
and their bulk is sometimes a greater objection to them than their 
weight, causing great loss of time and expense. As a practical 
illustration, some cases may be referred to, that have occurred 
recently in the writer's experience, and have caused great incon- 
venience and expense. 

A 50 horse power boiler that had to be sent to the neighbourhood 
of London, measuring 22 ft. long and Q^ ft. diameter, could not be 
conveyed the whole distance by railway, from want of sufficient 
clearance under the bridges, and had to be drawn part of the way 
on the common road, requiring 24 horses, and more at the hilly 
parts, causing serious expense and delay. 

In another case of a pair of boilers, 24 ft long and 6|- ft. 
diameter, with a dome 3 ft. high rivetted upon each, the same 



192 DUPLICATE RETORT BOILER. 

cause prevented them from being conveyed by railway, and a similar 
difficulty occurred on the common road from the arch of a bridge 
being too low. 

In shipping to foreign countries, the great bulk and weight of 
boilers becomes a very serious objection, and in the case of a 30 
horse power boiler, sent by the writer to Canada, 20 ft. long and 6f ft. 
diameter, and weighing about 9 tons, the expense of transit was 
increased to at least three times the value of the boiler, by the extra 
expenses attending the shipping and unloading of so large and 
heavy a mass, and the difficulties of conveyance over bad roads 
after landing. 

From the above examples, and many others that might be cited, 
it Will be apparent that a boiler capable of being readily transported 
would cause great saving in time and expense of transit Such a 
boiler must also satisfy the following requirements : — it must be able 
to stand a working pressure of not less than 200 lbs. per square 
inch ; and it must be of simple construction, and must admit of 
being easily repaired. 

These conditions the writer believes are fulfilled by the new 
boiler described in the present paper, which consists of a series of 
small cylindrical boilers or retorts placed side by side, and connected 
together by pipes at the extremities, the number of retorts being 
such that their total capacity shall be equal to that of a single large 
boiler of ordinary construction. 

The new boiler is shown in Figs. 1 to 4, Plate 38. 

Fig. 1 is a plan of the boiler. 

Fig. 2 is a longitudinal section. 

Figs. 3 and 4 are transverse sections. 

AA are the cylinders or retorts, made of the best wrought- 
iron plates, ^ inch thick, 9 feet long, and 17 inches diameter; the 
ends are cast-iron hemispherical caps, | inch thick, rivetted upon 
the cylindrical portion, to which are fixed the cast-iron connections 
from the steam-chest B, the feed-pipe C, and mud-pipe or blow-off 
pipe D. The retorts are built into the side walls of the furnace at 
each end, and supported on a saddle of firebrick in the middle; they are 
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placed H inch apart, the space between them being closed by a wedge- 
shaped piece of firebrick, leaving the whole of thg lower semicircle 
exposed to the flame, and half of the upper. The plan represents 
nine of the retorts arranged side by side and across a double furnace. 
The flame traverses the bottom of all the retorts, and then passes 
to the top through the double arch E, returning over the retorts to 
the front, and thence to the chimney at F. The retorts have thus 
8-4ths of their surface exposed direct to the flame, and consequently 
absorb a great quantity of heat. The cast-iron ends are outside the 
walls of the furnace, so that they suffer no injury from exposure to 
the flames ; whilst their extra thickness keeps in the heat, and 
renders them stronger than the other parts of the boiler. 

The steam-chest B, the feedpipe G, and the mud-pipe D, send 
off branches to each retort, whereby the steam is carried off equally 
from all, and an equal distribution of the feed water is produced. 
The feed water is introduced at the opposite end to that at which 
the steam is taken off, but the mudpipe is at the same end as the 
steam-pipe and the opposite end to the feed-pipe, and thus the 
boilers can be thoroughly cleared of scale or deposit, as often in the 
day as may be desired, by simply opening one or both of the blow- 
off cocks, situated at the ends of the mud-pipe. The opposite end 
of the retort, at which the feed water enters, is cast with two 
connections, one of which receives the feed-pipe, and the other is 
closed by a cover plate ; by this means, when the boiler is reversed 
to equalize the wear, the bottom being turned upwards, the feed- 
pipe connection then becomes the closed one, and the one pre- 
viously closed now receives the feed-pipe ; at the same time, the 
connections of the steam and mud pipes at the other end of the 
boiler are also reversed, merely requiring the flange joints to be 
broken. Each end is provided with a manhole,, and thus the boiler 
can easily be laid clear open from end to end. 

In this boiler there is no internal flue, and no part is exposed to 
a pressure from without, tending to make it collapse, but all the 
pressure is from within. The nature of the pressure thus renders 
the boiler safe, in contrast with those having an internal flue, the 

c 
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danger of which has been experienced in several recent accidents ; 
in one instance, the pressure was 45 lbs. per square inch when the 
fine collapsed, and in the case of a locomotive boiler, having a 
return flue 30 inches diameter, made of j- inch Lowmoor plate, 
the flue collapsed and blew up the engine when it had not been at 
work more than a week. 

The retort-boiler has no small tubes connected with it, and thus 
saves the trouble and expense which they occasion, particularly with 
dirty water or inexperienced attendants ; at the same time, there is less 
tendency to accumulation of deposit, the interior of the retorts being 
uninterrupted ; and in case any dirt should collect, the mud-pipe D 
gives every facility for cleaning out, and the retorts may be examined 
at any time by means of the manholes at each end. 

The peculiar construction of the boiler prevents the adhesion of 
incrustation or scale of more than 1-1 6th inch thickness to the in- 
temal surface, as the contraction from the boiler cooling at night 
loosens the scale, and the formation of the fresh scale forces it off. 
Upon removing the manhole doors to clean the boiler, the deposit 
was found in two of the retorts only, the remainder being almost 
free from deposit of any kind, after 13 weeks' constant working. 

The small diameter of the retorts increases their strength, and 
accordingly a boiler of this description is stronger than a single 
large boiler of equal power. One of the retorts has been proved by 
hydraulic pressure up to 300 lbs. per square inch without burst'mg, 
being at least three times the ordinary working pressure. 

The several parts are all duplicates of one another, so that they 
can be easily replaced when injured or worn out ; or the power of 
the boiler can be increased, when desired, by adding more retorts ; 
and the plain cylindrical shape of the retorts allows of their being 
reversed so as to equalize the wear. 

The new boiler combines with it abundance of furnace room, 
allowing the more bulky kinds of fuel to be used, such as brush- 
wood, peat, sawdust, or the cheapest sort of coals, and affording 
space for the addition of any kind of smoke-burning apparatus that 
may be desired. 
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A boiler of the above construction has been at work upwards of 
ten months at the writer's works, in Manchester, and has given 
complete satisfaction. It supplies steam at a pressure of 50 lbs. 
per square inch to two engines, one with a cylinder of 8|> inches by 
2 feet stroke, making 60 revolutions per minute, and the other with 
a cylinder of TJ inches by 18 inches stroke, making 80 revolutions 
per minute. The indicated horse power of the two engines together 
is 17 horse power, the average pressure of steam in the large engine 
being i^8^ lbs. per square inch, and in the small engine 27 lbs. per 
square inch. The boiler also works a steam rivetting machine, 
30 inches diameter, and equal to 7 horse power. This, together with 
the two engines, gives a total of 24 horse power. The consumption 
of fuel is 135 lbs. per hour of ordinary furnace coals, or about 
5| lbs. per indicated horse power per hour ; but the boiler is working 
at a disadvantage owing to the length of the steam pipes connecting 
it with the engines ; one being 180 feet long and the other 84 feet, 
and passing through an open yard. Taking into consideration the 
loss caused by radiation from this extent of surface, it appears that 
the new boiler is economical and cheap, as it can be made at the 
same price as an ordinary large boiler of the same power. Also in 
consequence of the small weight of the separate parts of which it 
is composed, the heaviest of which does not exceed from 7 cwt. to 
8 cwt., it can be shipped or loaded for overland transit at the price 
of ordinary machinery, with an important saving over the large 
boilei*s at present manufactured. 



The Chaikman observed that the boiler described in the paper 
appeared to be designed more particularly with a view to portability 
and lightness, and those qualities would certainly be of considerable 
advantage in many cases. From the mode of setting the boilers with, 
a portion of their upper surfaces exposed to the flue, it appeared that 
the steam would be partially surcharged with heat, and some caution 
would be requisite to prevent this being carried to any objectionable 
extent. 
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Mr. Dunn replied that it was only the return flue, to which the 
upper surface of the hoilers was exposed ; the flame first passed under 
the whole of the retort hoilers, acting on the lower half of their 
surfaces, and then returned oyer the top of all of them,' acting there 
on half of the upper surface, and leaving one quarter of the entire 
surface of each protected hy the wedge-shaped fire-hricks fitted in 
between the retorts ; he did not think there was any risk of heating the 
steam too much. 

Mr. Siemens thought the steam would certainly be super-heated 
to some extent hy the exposure of the upper portion of the boiler, but 
this would prove an advantage, as steam in first rising from v/ater 
was always in a state of transition, containing a portion of water mixed 
with it, being more or less imperfect as a gas. When this steam was 
heated, a very rapid rate of expansion took place during the first few 
degrees, from the whole being transformed into a perfect gas ; but the 
expansion afterwards progressed at a very slow rate, approximating 
to that of the expansion of air by heat. Super-heated steam gave an 
important advantage in working expansively, as the steam on entering 
the cylinder at the beginning of the stroke at a high temperature 
became partially cooled at once, by the cylinder being only at a mean 
temperature considerably below the highest; and in this case, with 
ordinary saturated steam, the consequence of its being cooled was the 
condensation of a portion of the steam at every stroke, depositing a 
dew on the sides of the cylinder ; but if the steam were super-heated 
sufficiently, it would not be cooled down to the condensing point, and 
no water would be formed in the cylinder. The difficulty in practically 
applying super-heated steam, was the risk of over-heating it, in which 
case it dried up the lubricating material of the cylinder, and caused 
the piston to grind. The boiler that had been described, appeared a 
good plan for accomplishing the object, under safe control. 

Mr. T. Forsyth had seen the boiler at work, and was much pleased 
with it ; it was a very strong construction, and the arrangement was 
particularly convenient for transit ; he had had experience on railways 
of the serious difficulties and delays attending the carriage of large 
boilers, which Mr Dunn's arrangement would obviate. He agreed 
fully in the value of super-heated steam, and thought the circumstance of 
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the present boiler having worked for eight months at the time he saw 
it, without any objection being experienced from the steam being over- 
heated, was a good test of the principle having been applied within safe 
limits. 

The Chairman enquired what difference of water level was found 
throughout the boiler ; and whether any difficulty had been experienced 
from priming. 

Mr. Dunn replied that the water level was about one inch above 
the centre of each boiler, and very little difference in level was perceived 
between the two end boilers and the' middle one, where water-gauges 
were fixed. There had not been any difficulty from priming, and he 
thought the boiler was more free than usual from this objection. 

The Chairman enquired what difference was found in the deposit 
as compared with the old boiler that had originaUy supplied the place 
of the present boiler, and what was the quality of the water used. 

Mr. Dunn replied that there was a considerable proportion of 
earthy matter in the water, and a crust was formed in the old boiler 
of f to ^ inch thickness in the course of four months ; but in the 
new boiler the incrustation never extended beyond the formation of 
thin scales, less than | inch thickness, (specimens of which were 
exhibited,) which became regularly shelled off by the alternate expan- 
sion and contraction, and were mostly blown out at the mud pipe. 

Mr. Beter had seen the boiler, and the feature that struck him 
most was that there was nothing but internal pressure throughout ; he 
thought it was a step in the right direction, especially for boilers 
intended for high pressures, where external pressure upon cylindrical 
flues became particularly unadvisable. As to priming, it must be 
observed that there was a greater proportion of water surface than 
usual, which rendered the liability to priming less, by diminishing the 
violence of ebullition. There was also a separate steam chamber, which 
would help in separating the water from the steam. 

The Chairman enquired the comparative results in consumption of 
fuel with the old boiler and the present one, which had been stated to 
bum 5 J- lbs. of coal per horse power per hour. 

Mr. Dunn said he was not able to give the comparative consump- 
tion of the old boiler with sufficient accuracy to be of service ; it was 
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a cylindrical boiler, with a single flue, but was old and-out of order, 
and the consumption would be above the average. 

Mr. Jackson observed, that it was important to have an economical 
boiler, and some constructions in use were much more expensive in 
fuel than others. 

Mr. LoNOBiDGE thought a consumption of 5^ lbs. per indicated 
horsepower was rather high, but the engine might perhaps be in 
fault; some engines in the neighbourhood were working with only 
3 lbs. of coal per indicated horse power per hour. He enquired whether 
the water evaporated per lb. of fuel could be stated, as that was the 
only correct test of economy in the use of the fuel. In the boiler that 
had been shown, he thought there would be some risk of over-heating 
the steam too much, as the brickwork at top might perhaps get red 
hot ; there were certainly advantages in super-heating the steam, if this 
were not carried too far, but it was very important to avoid any risk of 
such an occurrence. ^ 

Mr. Dunn said he had not had an opportunity at present of correctly 
measuring the water evaporated ; he did not suppose the boiler was 
quite so economical in fuel as some of the best forms, but thought it 
would show a good comparison with those in ordinary use ; his particular 
object, however, had been to obtain portability and convenience for 
repairs and renewal. 

Mr. Beyer remarked that the boiler that was at work could not be 
taken as a test of the evaporative economy of the plan, in consequence 
of the great extent of steam-pipe and steam-chamber exposed to loss 
of temperature. 

The Ohairman moved a vote of tlianks to Mr. Dunn for his paper, 
which was passed. 



The foll^ing Paper, by Mr. William B. Johnson, of Manchester, 
was then read : — 

DESCRIPTION OF AN IMPROVED HORIZONTAL 
CONDENSING STEAM ENGINE. 

The engine described in the present paper has been especially 
designed for stationary purposes, and is found to possess the advantages 
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of simplicity of construction, stability in working, and facility of access 
to its various parts. The author has superintended the construction of 
several stationary engines, made according to this arrangement, and 
their working has proved very successful. 

The designing of stationary steam engines is perhaps attended with 
less difficulty than that of either locomotive or marine steam engines, 
not being limited, as the latter necessarily are, within certain prescribed 
bounds, both as to the size and weight. 

In most cases the space available for stationary engines is practically 
unlimited, and their weight, except so far as the first cost is concerned, 
is of no importance. With such freedom in designing, simplicity of 
construction, and ready access to the various parts may be studied with 
considerable advantage, as being two important elements which 
require much attention, in order to make stationary engines mode- 
rate in cost, in the first instance, and convenient in use or working. 
Simplicity of construction and facility of access to all parts of a stationary 
engine appear to be more obtainable by the use of the horizontal con- 
struction than by any other arrangement ; and this circumstance induced 
the author to direct his attention more especially to the adaptation of 
this mode of construction to the purposes of a stationary engine. 

The engine forming the subject of this paper is shown in the longi- 
tudinal and transverse sections, Figs. 1, 2, 3, and 4, Plate 39. 

The steam cylinder A is of the ordinary construction, with the 
exception that the part for securing it to the framing consists of a cir- 
cular flange B, formed at the end of the cylinder next to the framing; 
this flange is made to fit against another flange of the same diameter, 
formed at the end of the framing 0, and the cylinder is secured to the 
framing by means of bolts passing through the flanges. 

The framing is composed of one casting ; from the end next to the 
cylinder to the opposite end of the piston-rod guide-bars, tlie parts CO 
of the framing are placed under and above the centre line of the piston- 
rod ; the remaining part D, from the piston-rod guide-bars to the crank- 
shaft bearing, is placed in a line with the centre of the length of the 
crank-shaft bearing. The framing is strengthened by flanges at its 
upper and lower edges, the lower flange forming the foot of the framing. 
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and being secured by holding down bolts to the foundations. In the 
framing are made the openings required for the piston-rod guides and 
the crank-shaft bearing ; the flange joint B is the only connection that 
has to be made, in order to secure the cylinder and crank-shaft bearing 
firmly to each other. 

The cylinder slide valve is placed on one side of the cylinder, Fig. 4, 
and the condenser E below, forming a foot or support for the cylinder, 
and the exhaust steam enters the condenser by the passage F, the 
condensing water being injected through a perforated injection pipe. 
The air pump G is situated below the condenser, forming part of the 
same casting, and is placed in a horizontal position ; the plunger is 
worked from the piston-rod by means of the levers H, placed one on 
each side of the framing, and fixed on the same centre pin ; the upper 
ends of the levers are connected by a pair of rods to the piston-rod cross- 
bar, and the lower ends by a cross-bar and rod to the air pump plunger, 
giving it a stroke half of that of the steam piston. The air pump valves 
are both circular metal valves, and move upon a vertical fixed spindle ; 
the lower valve communicates with the condenser by means of passages 
formed on each side of the air pump in the end of the condenser next 
to the valves ; the upper valve delivers the waste water from the air 
pump into the hot well, whence it is conveyed away. 

The level of the engine-house floor is made to agree with the under- 
side of the condenser or air pump, whereby the centre of the engine 
and most of its working parts are raised, and are thus placed in the most 
convenient position for examination, oiling, &c. The air pump plunger 
can be packed or tightened up without removing any part of the engine. 
The air pump valves can be taken out and examined by the removal 
only of the top cover of the valve box. The cylinder piston can be 
examined by the removal of the cylinder cover at the outer end, and 
the cylinder slide valve by removing a cover at the same end of the 
engine. No part of the engine is placed under the engine-house floor, 
except the water piping, and no part higher than the engineman can 
reach conveniently. 

In engines having cylinders of more than 16 inches diameter, the 
piston-rod is continued through both ends of the cylinder, and in the 
stuffing-boxes are placed two long bushes, divided into two halves 



HORIZONTAL CONDENSING ENGINE. 201 

horizontallj, and as the lower halves wear away by carrying the weight 
of the piston and rod, they are raised by set pins, so that the piston is 
kept in its correct line of movement, and prevented from bearing too 
much on the lower side of the cylinder. This adjustment is effected 
without removing any part of the engine, except the glands, which are 
used to determine whether the piston-rod is central mth the stuffing- 
box, and consequently the piston true with the cylinder. The piston- 
rod guide-bars are permanently fixed to the framing G, parallel with 
the cylinder. The slide blocks are placed further apart, as they are 
worn away, by set screws and nuts, which also serve to adjust the 
position of the piston-rod cross-head to the centre line of the cylinder. 
The lower nut is first used to adjust the height of the cross-bead, the 
correct position of which is ascertained by moving the piston-rod gland 
backwards and forwards in the stuffing-box. The upper nut then 
r^ulates the position of the upper slide block, to fill up the space 
between the slide bars suitably for working. 

Condensing and non-condensing engines, of from 8 to 70 horse 
power nominal, have been made according to the arrangement above 
described ; and in some cases, two cylinders, one non-condensing, and 
the other condensing, have been coupled to one shaft, working on what 
is usually termed the ** compound principle,** the cranks being keyed 
at right angles with each other, one at each end of the shaft. 

The indicator diagrams obtained from these compound engines are 
in general similar to those shown in Fig. 5, Plate 40, the upper being 
taken from the non-condensing cylinder, and the lower from the con- 
densing cylinder; the latter diagram is shown divided in the centre, 
and the two halves transposed, for the purpose of showing them in 
connection with the corresponding portions of the diagram from the 
non-condensing cylinder. The steam side of the diagram from the 
non-condensing cylinder is more or less full, according to the extent to 
which the steam is expanded. The irregular line on the exhaust side 
of this diagram arises from the cylinders being at right angles with 
each other. At the point K, the crank of the condensing cylinder is 
passing the centre, and consequently it is not taking steam from the 

non-condensing cylinder; the exhaust steam of the non-condensing 

D 
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cylinder is accordingly slightly compressed a little before and after the 
point K, but this compression produces a corresponding increase of force 
acting upon the condensing cylinder at the commencement of its stroke. 
To avoid as much as possible this compression on the exhaust side of the 
piston of the non-condensing cylinder, the slide valve of the condensing 
cylinder has little or no lap on its steam side, as appears by reference 
to the diagram of the condensing cylinder. The irregularity on the 
steam side of this diagram is occasioned by the exhaust of the non- 
condensing cylinder taking place at about the centre of the stroke of 
the condensing cylinder. Diagrams taken from these compound engines, 
when working in the ordinary manner, with cranks not at right angles 
but opposite, or on the same side, are of course free from these irregu- 
larities. 



The Chairman observed that the engine appeared a convenient 
and compact arrangement, for obtaining a condensing engine with 
economy of space and material, and with a ready access to all the parts. 
He enquired whether there were any of the engines at work in Man- 
chester. 

Mr. Johnson replied that there were several of the engines working 
in the neighbourhood, of various sizes, up to 60 horse power, and a 
pair were being erected at Messrs. Ormerod's Works, in Manchester, 
one non-condensing and the other condensing, working together with 
cranks at right angles. There was a little irregularity in the diagram 
in that arrangement, which was avoided when the strokes of the two 
cylinders coincided, but the total loss of power was very small, and 
there was the advantage of much greater uniformity in the driving 
power throughout the revolution. 

Mr. Siemens had seen a somewhat similar arrangement of engine 
in France, by Farcot, in which there was the addition of a steam-jacket 
to the cylinder, which he considered was an improvement. The steam- 
jacket was not sufficiently appreciated at present, and might be used 
more extensively with decided advantage. M. Farcot bad obtained 
important results in economy by casing both the sides and ends of the 
cylinder with a steam-jacket, so as to maintain the whole mass of the 
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Cylinder constantly at the highest temperature of the steam, and by 
that means prevent the condensation of the steam at the com- 
mencement of the stroke, which was caused by contact with the 
colder metal of the cylinder, when the latter was allowed to assume 
a mean temperature. 

Mr. Johnson doubted whether a steam-jacket would prove a 
practical advantage to a sufficient extent to compensate for the 
greater complexity; there would also be a greater proportionate 
loss of heat by radiation from the increased area of external surface 
of the steam-jacket, and there was a difficulty in maintaining the 
joints steam tight, from the difference of expansion in large cylin- 
ders. An oscillation of temperature undoubtedly took place in the 
cylinder during the stroke, and this oscillation was of considerable 
amount in the case of expanding the steam to a high degree ; a 
film of the internal surface of the cylinder being alternately heated 
and cooled, from the temperature of the high-pressure steam on 
entering the cylinder being much higher than that of the expanded 
steam at the end qf the stroke ; the average temperature of the 
cylinder being a mean between those two extremes. But he did 
not see that an advantage would result from adding heat to the 
cylinder, so as to maintain its temperature throughout the stroke 
at the highest point, as this heat would only be obtained at the 
expense of the boiler, all the heat being supplied from that source, 
so that the additional heat would be merely employed in the cylin- 
der instead of in the boiler. It appeared to him that a complete 
clothing of the cylinder with felt, or other non-conducting materials, 
so as to prevent loss of heat by radiation, would answer the purpose 
as well. When the expansion of the steam was carried to a high 
degree, he considered the use of a double-cylinder engine, althou;;h 
the total external cylinder surface was greater, was preferable to 
expanding the whole amount in one cylinder, as the total change of 
temperature in either cylinder was then limited to half the range, 
from the expansion taking place in two successive stages. 

Mr. Siemens considered that clothing the cylinder to prevent 
radiation of heat prevented only the smaller portion of the whole loss. 
The loss that arose from condensation of the steam in the cylin- 



HORIZONTAL CONDENSING EN6INB. 

der was considerably greater than that from radiation, amounting 
in some cases to as much as 30 per cent, of the whole power of the 
steam, or even more, as had been proved in the case of locomotive 
engines by Mr. D. K. Clark. Although the steam that was condensed 
in the cylinder at the commencement of the stroke became partially 
evaporated again in the latter part of the stroke, in consequence of 
the cylinder being hotter than the steam when the latter was con- 
siderably expanded, yet this regeneration of the steam took place when 
the stroke was completed, and produced only the efToct of impeding 
the formation of a vajcaum, without having exerted any useful pressure 
upon the piston. The only way to obviate this loss was to maintain 
the cylinder constantly at the highest temperature of the steam, 
by the provision of a e team -jacket or other means, so as to prevent 
any condensation taking place in the cylinder. 

Mr. JoHKsoxS thought the alow conducting power of the cast-iron 
cylinder had to be taken into account, and supposing the metal an 
inch thick* there would be only a comparatively thin film of the 
Interior surface that suffered the extreme oscillation of temperature, 
which would amount to a range of about 150^ in the case of 60 lbs. 
steam being expanded down nearly to a vacuum. A steam-jacket 
could supply heat only on tlie outside, and he thought the external 
heating would not pass through the metal rapidly enough during 
the time of the stroke, to prevent a considerable alternation of tem- 
perature still taking place on the interior surface of the cylinder. 
He enquired whether the French engine that had been mentioned 
had a double cylinder^ or only a single cyhnder, as in the latter case 
the change of temperature in the cylinder being greater, a steam- 
jacket would have more effect. 

Mr. SiEMiiiNs replied that it was a single cylinder engine, high* 
pressure and condensing. He thought it was requisite to take into 
account the total quantities of heat, and not merely the difference 
of temperature, as the whole latent heat of the steam was absorbed 
by the cylinder from the portion that was condensed into water. 
If the cylinder were hot enough at the beginning of the stroke to 
prevent condensation of the steam, there remained only the cooling 
of the cylinder by expansion to be contended with ; and then it 



HOBIZONTAL CONDBNSINO ENGINE. 205 

must be remembered that dry steam as a perfect gas was a very slow 
conductor of heat, and consequently could not produce much effect 
in cooling the surface of the cylinder by contact during expansion. 

Mr. LoNOBiDGE agreed in the value of the steam-jacket, and 
believed that an important economy wa^ obtained by maintaining 
the cylinder at the highest temperature of the steam. This might 
be effected by a casing of heated air instead of a steam-jacket, and 
that plan had the advantage of not requiring steam-tight joints for 
the casing, though of course proper precautions were requisite to 
prevent any risk of over-heating the cylinder. It was employed in 
Gomwall, and he believed the results were quite satisfiu^tory ; the 
cylinders were heated by a fire below, with flues passing round the 
cylinder in a spiral direction, and the top cover was also heated, so 
that the steam never came in contact with anything colder than 
itself, and was partly super-heated during expansion. 

The Chaibman remarked that his experience of locomotive 
engines confirmed the opinion about condensation taking place in 
exposed cylinders, as there was considerably less priming vdth 
inside cylinders than with outside cylinders, the inside cylinders 
being enclosed in the smoke box, and kept hot in fact by a heated air 
casing. A considerable economy of steam must result in that 
case, but he doubted any very material economy resulting from 
the use of a steam-jacket, as the boiler was then the only 
supply of heat. 

Mr. Peacock had also experienced a greater amount of priming 
with outside than with inside locomotive cylinders ; and believed 
the difference arose from the outside cylinders being more ex- 
posed to cooling, causing a partial condensation of the steam in 
consequence. 

The Chairman proposed a vote of thanks to Mr. Johnson for his 
paper, which was passed. 



The following Paper, by Mr. John Ramsbottom, of Manchester, 
was then read : — 



206 PISTON PACKING RINGS. 

ON THE CONSTRUCTION OF PACKING RINGS FOR 
PISTONS. 

The writer of the present paper — having invented a few years ago a 
metallic piston, which was described at a former meeting, (see Proceed- 
ings Inst M. E., 1864, page 70), the packing of which is forced 
against the working surface of the cylinder by its own elasticity, 
and owing to its being comparatively slender in cross section, had 
to be left about 10 per cent, larger in diameter than the block of the 
piston, in order to give the requisite pressure for preventing the passage 
of steam — found, that when such packing was made of a circular figure 
before being compressed, it was invariably worn more rapidly at the joint, 
and at the part opposite, as at A, B, and 0, Fig. 1, Plate 40, than at the 
intermediate parts D and E. It is very natural that this should be the 
case, and it has been the practice with many engineers, when using 
packing rings which are pressed against the cylinder by their own 
elasticity alone, to make the part C, Fig. d, opposite the joint, where 
there is clearly the most strain, stronger than any other, each half being 
tapered off to the joint ; although the writer is not aware that this has 
been done by any positive rule. 

It was taken for granted that the unequal wear above referred to 
was owing to the pressure against the cylinder being unequal in different 
parts of the ring, and as the packing rings used by the writer are made 
of wire or drawn rods, and consequently uniform in thickness, it was 
found impracticable to ensure this equable pressure by tapering the 
ring, as in Fig. Q ; but as this uniform pressure can be obtained by 
making the packing ring truly circular in figure, but unequal in thick- 
n#M, it occurred to the writer, inasmuch as the rings which he employs 
are bent and not turned, that the same end might be gained, by con- 
versely making the ring equal in strength of material but unequal in 
figure, or in other words that a ring might be made of such a shape, 
that although uniform in cross section, it would press equally against 
the working surface of the cylinder all round. 

It may be possible to determine geometrically the form of ring re- 
quired, but the writer preferred to solve the question in a practical manner 
by the following method : — A ring was first bent truly circular in shape, 
and of a diameter exactly equal to that of the piston for which it was in- 
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tended, the ends just touching at the joint, but without pressure ; this ring 
was then placed upon a circular table, Fig. 3, and a number of strings, 
say 24 in all, were attached at equal distances apart round the circumfer- 
ence, and passed over the same number of small pulleys which were fixed 
at equal distances round the edge of the table ; to these strings were 
attached equal weights FF, which acting upon equal portions of the cir- 
cumference of the circular ring, brought it into the shape shown in Fig. 3, 
GG. The writer then conceived that if a true circle were brought into this 
shape, when subjected to equal radial forces acting upon equal portions 
of its circumference, another ring bent to the figure so obtained would 
conversely be brought to 9 truly circular shape by the application of 
equal forces acting in the opposite direction, that is, towards the centre 
instead of from it ; and practice has proved that such a conclusion was 
correct, for a ring so bent is found to wear equally throughout, and to 
last much longer than those originally made circular in figure. 

In trying these experiments, an important fact has been incidentally 
discovered, namely, that the force required to keep the packing in con- 
tact with the working surface of the cylinder, eyen at pressures exceeding 
100 lbs. per square inch, is much less than is generally supposed. It 
has been argued that the pressure per square inch on the rubbing sur- 
face must be at least equal to the steam pressure which has to be 
resisted ; but so far from this being the case, experiment has led the 
writer to the conclusion, that as respects the pistons of locomotive 
engines, this need not exceed 3 J- lbs. per square inch of rubbing surface, 
even' when the rings are new and exerting their maximum force ; and as 
these packing^rings are practically steam tight until half worn, it follows 
that the average pressure upon the working surface of the cylinder does 
not amount to 3 lbs. per square inch. This slight pressure, taken in 
connection with the small amount of rubbing surface, is sufficient to 
account for the satisfactory performance of this description of packing. 



Mr. Jackson showed the apparatus in operation for ascertaining 
the correct curve for the piston rings, and exhibited two sets of the 
rings that had been curved on the improved plan, and had worked 
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if] two pairs of pistons for 12,694 and 10,012 miles respectively, 
BliowiDg a very uniform wear of the rings throughout their length. 

I^Ir. Jot observed that he had found a long and light elasticity 
was the right plan for the packing of a piston ; and the results 
of bis experience confirmed the statement in the paper, as to a very 
light pressure of the packing rings, not exceeding 3 or 4 lbs. per 
square inch upon the cylinder surface, being quite sufficient to keep 
them steam tight if free in their action, and the consequence was a 
very considerable saving in the friction of the pistons over the 
ordinary kinds of metallic packing. 

The Chaibman said his object in the paper had been merely to 
show the practical way in which a practical difficulty had been sur- 
mounted* The result of the improved form of packing rings had 
been very satisfactory; and about double the mileage was now 
obtained from the same thickness of rings, compared to the former 
reeults, owing to their wear being nearly uniform throughout their 
whole length. 



The Chairman then moved a special vote of thanks, which was 
passedi to the Council of the Eoyal Institution, for their kindness 
and courtesy in granting the use of the Lecture Theatre for the 
purpose of the Meeting. 



A vote of thanks to the Chairman was passed, and the meeting 
then terminated. 



After the meeting some working models were exhibited, by 
Mr. David Chad wick, of Manchester, of two water meters, and of 
a rotary steam engine, working on a similar principle, having a 
flexible cylinder, with transverse rollers fixed round the periphery 

of a wheel. 
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